LOAN  TO  BRITAIN 

• . .  Investment  in  World  Economic  Unity 


CONGRESS  should  give  swift  and  confident 
approval  to  the  proposed  loan  to  Great 
Britain. 

Few  other  issues  of  foreign  policy  in  the  pres¬ 
ent  troubled  world  lend  themselves  to  such  clear 
appraisal  of  where  our  National  interest  lies. 

In  simplest  terms,  the  question  is  whether  we 
should  extend  to  Great  Britain  a  credit  of  $3% 
billions  (plus  $650  millions  in  payment  for  lend- 
lease  balances)  in  return  for  her  promise  to  re¬ 
pay  principal  with  interest  over  a  fifty  year  period 
starting  at  the  end  of  1951,  and  her  pledge  to  give 
the  fullest  possible  support  to  the  kind  of  world 
trading  system  which  it  is  the  declared  policy  of 
both  the  United  States  and  the  United  Nations 
Organization  to  promote. 

We  Can  Afford  to  Make  It 

The  sum  we  hazard  is  not  inconsiderable,  but 
financial  risks  have  meaning  only  when  related 
to  resources.  The  line  of  credit  provided  by  the 
loan  will  amount,  at  most,  to  a  claim  on  2/5  of  1 
per  cent  of  our  gross  output  for  the  five  to  six 
year  period  over  which  it  may  be  used.  The  in¬ 
terest  rate  charged,  while  moderate,  is  higher 
than  our  Treasury  is  paying  upon  current  bor¬ 
rowings.  The  risk  entailed  is  well  within  our  re¬ 
sources  as  a  creditor.  In  the  considered  judgment 
of  the  American  and  British  technical  experts 
who  thrashed  through  the  intricate  accounting 
for  three  painful  months,  the  amount  and  terms 
offered  will  suffice  to  allow  Britain,  under  rigid 
austerity,  to  relax  her  system  of  foreign  trade 
restrictions,  and  to  expand  exports  sufficiently 
to  pay  her  debt  commitments. 

Against  the  considered  risks  of  extending  the 
loan,  there  must  be  weighed  the  certain  costs  of 
refusing  it.  Without  the  loan,  Britain  has  no  re¬ 
course  but  to  maintain  and  extend  the  system  of 
bloc  trading  which  she  adopted  under  stress  of 
world  depression  and  world  war.  If  that  is  the 
route  Britain  follows,  she  will  carry  with  her  a 
large  part  of  the  sterling  area  countries  —  all 
British  Commonwealth  and  Empire  countries 
(except  Newfoundland  and  Canada)  plus  Egypt, 
Iraq,  and  Iceland— and  many  of  the  nations  with 
which  the  United  Kingdom  has  payment  agree¬ 
ments  (Argentina,  Bolivia,  Brazil,  Chile,  Para¬ 
guay,  Peru,  Uruguay,  Belgium,  Czechoslovakia, 
Denmark,  Finland,  France,  Netherlands,  Nor¬ 
way,  Portugal,  Spain,  Sweden,  and  Turkey). 

Altogether,  the  United  Kingdom’s  orbit  ac¬ 
counts  for  more  than  half  of  the  world’s  imports 


and  exports  combined.  It  likewise  is  crucial  to 
the  trade  of  the  United  States.  In  the  yeeirs  im¬ 
mediately  preceding  the  war,  the  sterling  area 
and  payment-agreement  countries  provided  just 
under  one-half  of  both  the  import  and  export 
trade  of  this  country. 

Russia,  of  course,  will  continue  to  conduct  her 
foreign  commerce  exclusively  upon  a  state-trad¬ 
ing  basis.  Before  the  war,  the  Soviet  Union  trans¬ 
acted  only  a  little  more  than  1  per  cent  of  foreign 
trade  business,  but  its  future  sphere  of  influence 
will  be  large— conceivably  embracing  as  much  as 
30  per  cent  of  total  international  trade. 

We  Cannot  Afford  to  Refuse  It 

If  the  weight  of  British  influence  in  foreign 
trade  is  thrown  toward  the  Russian  pattern  rather 
than  toward  ours,  it  is  apparent  that  bloc  trading, 
with  all  of  is  supporting  devices— bilateral  deals, 
exchange  controls,  import  and  export  quotas, 
subsidies,  currency  manipulations  and  the  like 
—will  be  the  prevailing  pattern  for  foreign  trans¬ 
actions. 

In  self-protection,  the  United  States  would 
have  no  alternative  but  to  conform  to  the  domi¬ 
nant  pattern.  We  should  be  forced  to  form  our 
own  bloc,  and  to  enter  into  active  economic  war¬ 
fare  in  bidding  for  trade  concessions  against  the 
offers  of  our  rivals.  How  well  we  would  do  this 
is  problematical.  To  the  game  we  would  bring 
the  largest  economic  potential  in  the  world.  But 
our  handicaps  would  be  equally  impressive. 

First,  under  a  system  in  which  political  and 
economic  motivations  are  inextricably  fused,  a 
democratic  nation,  and  particularly  one  with  a 
tradition  of  freedom  in  its  domestic  enterprise, 
would  operate  at  a  great  disadvantage.  We  should 
inevitably  be  driven  toward  more  and  more  gov¬ 
ernment  control  of  our  entire  economy. 

Second,  with  a  pattern  of  foreign  trade  in  which 
our  exports  habitually  are  greater  than  our  im¬ 
ports,  our  bargaining  position  in  international 
trade  is  much  weaker  than  our  over-all  economic 
strength  would  suggest.  Under  state-controlled 
trading  we  should  still  find  it  difficult  to  compete 
successfully  without  resort  to  loans,  and  under 
these  conditions  our  loans  would  be  supporting 
a  system  alien  to  our  choice  and  interest. 

Third,  under  a  regimented  system  which  made 
economic  decisions  subservient  to  political  con¬ 
siderations,  it  is  virtually  certain  that  the  volume 
of  world  trade  would  shrink.  That  was  the  clear 
experience  of  the  nineteen-thirties.  Thus,  the 


standard  of  living  in  the  United  States  would 
suffer  in  common  with  all  others,  and  we  would 
be  forced  into  a  particularly  drastic  curtailment 
of  certain  war-expanded  segments  of  our  econ¬ 
omy,  at  the  very  time  when  a  large  portion  of  the 
world  is  most  in  need  of  the  products  they  can 
produce. 

Weighing  the  Alternative  Costs 

In  the  years  immediately  ahead  it  is  certain 
that  from  two-thirds  to  three-quarters  of  all  inter¬ 
national  trade  will  be  transacted  either  in  pounds 
or  dollars.  If  both  circuits  are  linked  in  a  de¬ 
termined  effort  to  restore  competitive  world 
markets,  to  which  buyers  and  sellers  alike  have 
access  without  discrimination,  that  will  be  the 
dominant  system  of  foreign  trade.  If  the  sterling 
group  with  its  satellites  organizes  a  closed  grid, 
our  exclusive  effort  cannot  preserve  the  trade 
pattern  that  we  believe  offers  most  to  us  and  to 
the  world. 

No  one  can  accurately  measure  the  costs  to 
the  United  States  of  refusing  the  loan  and  ac¬ 
cepting  the  consequences.  But  imquestionably 
they  would  dwarf  to  insignificance  the  sum  risked 
in  the  proposed  credit.  We  would  lose  through 
the  shrinkage  of  our  trade,  through  the  wrench 
of  violent  readjustments  in  our  production  pat¬ 
terns,  and  eventually  through  the  curtailment  of 
our  over-all  output  below  what  it  would  be  under 
an  open  rather  than  a  closed  system.  We  would 
lose  heavily  in  economic  liberty  imder  a  pro¬ 
cedure  that  can  be  followed  with  success  only 
by  a  close  regimentation  of  production  as  well 
as  trade. 

Most  of  all,  we  would  lose  in  prestige,  through 
demonstrating  that  we  are  stiU  unprepared  to 
exercise  a  world  leadership  to  which  our  giant 
stature  as  the  possessor  of  almost  half  of  the 
world’s  economic  capacity  entitles  us.  Once  again 
we  would  be  exhibiting  to  the  world  political  feet 
of  clay  supporting  an  economic  frame  of  heroic 
proportions. 

It  Is  Far  from  a  ‘‘Soft”  Bargain 

There  has  been  some  disposition  in  this  coim- 
try  to  regard  the  loan  to  Britain  as  a  somewhat 
“soft”  and  generally  unprecedented  transaction 
that  smacks  of  charity.  This  is  the  sheerest 
nonsense. 

In  the  first  place,  the  kind  of  economic  sys¬ 
tem  we  want  has  never  fimctioned  and  cannot 
operate  now  without  a  lender.  For  many  decades 
prior  to  World  War  I  Great  Britain  filled  the 
creditor  role.  In  1913  her  foreign  investments 
totaled  $19  billions,  and  she  not  only  made  such 
transactions  pay,  but  they  proved  her  salvation 
through  two  grim  wars.  Her  credits  helped  in 
the  industrial  development  of  a  large  segment 
of  the  world,  including  the  United  States.  Of  all 
the  nations  in  the  world,  only  the  United  States 
can  assume  now  the  mantle  which  Britain  no 
longer  can  support. 


In  the  second  place,  the  terms  of  our  proposed 
loan  to  the  United  I^gdom  are  far  from  easy. 
Britain  put  a  substantially  greater  proportion  of 
her  relatively  meager  resources  into  the  war  than 
we  did,  and  dissipated  a  large  share  of  her  for¬ 
eign  holdings  in  &e  process  while  accumulating 
an  outside  debt  of  crushing  magnitude.  On  a  per 
capita  basis  her  internal  debt  is  greater  than  ours. 
Many  Britons  feel  that  our  proposed  loan  is  too 
small,  and  its  terms  too  rigorous.  If  the  amount 
proves  to  be  inadequate,  we  shall  have  to  con¬ 
sider  supplemental  aid  at  a  later  date.  But  the 
majority  believe  that  the  present  offer  gives  a 
fighting  chance  to  restore  the  system  of  world 
trade  that  we  and  they  both  want,  and  upon  which 
the  World  Bank,  the  Monetary  Fund,  and  the 
International  Trade  Organization  imder  United 
Nations  aegis  are  based.  It  is  certain  that  with¬ 
out  our  loan  all  of  this  will  go  by  the  board. 

In  the  third  place,  our  proposed  loan  is  far 
from  being  without  precedent.  Canada,  which  is 
linked  by  far  closer  economic  ties  to  us  than  to 
the  Empire,  already  has  provided  for  a  loan  to 
Britain  of  $1,200,000,000.  This  amounts  to  almost 
a  third  of  what  we  propose  to  lend,  although 
Canada’s  population  is  less  than  10  per  cent,  and 
her  income  is  little  more  than  5  per  cent  of  ours. 

Shall  the  United  States  Lead  or  Follow? 

The  way  to  exercise  leadership  is  to  lead. 
Nothing  could  be  more  futile  than  to  go  half  way 
toward  establishing  the  economic  order  for  which 
we  stand,  and  then  withhold  the  crucial  measure 
that  will  make  it  work.  Failure  to  approve  the 
loan  to  Britain  will  be  a  clear  default  of  leader¬ 
ship.  Failure  to  approve  it  promptly  will  dissi¬ 
pate  its  effectiveness. 

It  has  been  officially  stated  that  the  British 
loan  is  a  unique  case  that  will  establish  no  prece¬ 
dents  for  further  credits  to  other  nations.  It  is 
exceptional  in  its  importance  to  our  aim.  But 
if  the  United  States  expects  to  make  its  economic 
program  the  dominant  one  for  world  trade,  it 
must  continue  to  exercise  the  creditor  function 
without  which  that  program  cannot  persist. 

The  most  that  we  should  ask  is  that  future  loan 
transactions  be  scrutinized  as  was  this  one  to  see 
that  they  offer  comparable  security  and  com¬ 
parable  return  in  support  of  the  program  for 
which  we  stand. 

For  the  loan  to  Britain,  it  can  be  said  that 
never  before  has  one  nation  had  an  opportunity 
to  gain  so  much  at  so  little  risk  as  has  the  United 
States  in  this  uniquely  decisive  case. 
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Dr.  Harold  D.  Wobb  (right)  adjuste  the 
auxiliary  tuning  crystal  in  the  lunar  re- 
celTor  while  E.  K.  Stodola  looks  on.  Behind 
Stodolo  is  the  nine-inch  type-A  indicator 
which  records  the  echoes 


Lt.  Colonel  John  H.  DeWitt,  Jr^  in  charge  ol 
the  project  at  the  power  supply  controls 
of  the  transmitter,  a  modiiied  rersion  of 
the  SCB-271  early-warning  radar  used  at 
Pearl  Harbor.  DeWitt  is  former  chief  engi¬ 
neer  of  WSM 

The  author.  Jock  Mofenson.  odjusts  the 
portion  of  the  woreform-monitoring  stub. 
Orer  this  trcmsmlssion  line  troreled  the 
3-kw  transmitted  pulse  and  the  millionth  of 


RADAR 

ECHOES 


The  recent  experiments  per¬ 
formed  by  the  Signal  Corps  En¬ 
gineering  Laboratories  in  receiving 
radar  echoes  from  the  moon  have 
aroused  much  comment  from  engi¬ 
neers,  astronomers  and  others 
engaged  in  technical  pursuits.  Al¬ 
though  the  scientific  aspects  of  send¬ 
ing  radio-frequency  signals  through 
the  ionosphere  are  certainly  of  im¬ 
portance,  the  work  done  on  the 
project  is  better  classified  as 
an  engineering  achievement.  As 
yet,  no  long-term  systematic  obser¬ 
vations  have  been  made.  This  ar¬ 
ticle  is  confined,  therefore,  to  a 
discussion  of  the  technical  charac¬ 
teristics  and  general  description  of 
the  equipment  employed. 

Briefiy,  the  experiment  consisted 
of  transmitting  quarter-second  pul¬ 
ses  of  radio-frequency  energy  at 
111.5  me  every  four  seconds  in  the 
direction  of  the  moon,  and  detect¬ 
ing  echo  signals  approximately  2.5 
seconds  after  transmission.  Display 
of  the  detected  signals  was  audible 
as  well  as  visible.  Technically,  the 
experiment  utilized  well-established 
radar  techniques,  but  with  radically 
different  constants  throughout  the 
system.  Considerations  of  pulse 
width,  receiver  bandwidth,  trans¬ 
mitter  power  and  the  precise  fre¬ 
quency  of  the  returned  signal  due 
to  Doppler  effect,  were  such  that 
careful  attention  had  to  be  given 
to  the  design  of  the  overall  equip¬ 
ment. 

After  preliminary  calculations 
were  made  concerning  transmitter 
power,  the  reflectivity  coefficient  of 
the  target,  and  receiver  noise  figure, 
it  was  apparent  that  receiving  radar 
echoes  from  the  moon  was  tech¬ 
nically  possible.  Under  the  direc¬ 
tion  of  Lt.  Col.  John  H.  DeWitt,  a 
project  called  “project  Diana”  was 
set  up  in  September  1945  to  de¬ 
velop  a  radar  system  capable  of 
transmitting  r-f  pulses  to  the  moon, 
and  detecting  echoes  more  than  2. 
seconds  later.  Prior  to  entering  the 
Signal  Corps,  Colonel  DeWitt,  who 


at  that  time  was  chief  engineer  of 
Radio  Station  WSM  in  Nashville, 
Tenn.,  designed  and  constructed 
transmitting  and  receiving  equip¬ 
ment  for  the  purpose  of  receiving 
echoes  from  the  moon.  This  equip- 
ment  employed  substantially  similar 
transmitter  power  and  frequency 
to  that  used  by  the  Signal  Corps, 
but  the  attempt  was  a  failure  due 
to  insufficient  sensitivity  in  the  re¬ 
ceiver.  Colonel  DeWitt’s  apprecia¬ 
tion  of  the  problem  and  personal 
supervision  were  the  driving  forces 
that  made  the  present  experiment 
successful.  Assisting  Lt.  Colonel 
DeWitt  were:  E.  K.  Stodola,  Dr. 
Harold  D.  Webb,  Herbert  P.  Kauff¬ 
man  and  the  writer,  all  of  Evans 
Signal  Laboratory.  Credit  is  also 
due  the  members  of  the  Antenna 
and  Mechanical  Design  Group,  Re¬ 
search  Section,  Theoretical  Studies 
Group  and  others. 

The  practical  implications  of 
radar  contact  with  the  moon  are 
numerous.  During  the  war  the  Ger¬ 
mans  used  the  V2  Rocket  which 
climbed  some  70  miles  above  the 
earth,  and  the  future  holds  the  un¬ 
happy  prospect  of  missiles  going  far 
higher  than  this.  The  matter  of 
transmission  of  radio  signals  to 
great  distances  above  the  earth  for 
detection  and  control  of  such  weap¬ 
ons  becomes  a  problem  of  military 
importance.  Further,  the  use  of  a 
reflector  far  beyond  the  earth  for 
radio  waves  makes  possible  direct 
measurement  of  the  ability  of  radio 
waves  to  penetrate  the  ionosphere. 
A  more  complete  investigation 
in  this  direction  is  indicated. 
The  possibility  of  using  the 
moon  as  the  reflector  for  a  part- 
time  long-di^nce  poinf-to-point 
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FROM  THE  MOON 


Detailed  description  of  the  techniques  underlying  the  first  recorded  radio  transmission 
through  outer  space.  Calculations  show  that  the  maximum  range  of  Signal  Corps  radar  on 

lunar  target  exceeds  one  million  miles 


1 — Block  diagrcnn  ihowing  the  essential  elements  of  the  system.  Transmitter  and  receirer  ore  controlled  by  the  some  crystal, 
permitting  stable  tuning  of  the  narrow-band  receirer  relotiTe  to  transmitter  frequency 


communication  system  is  also  being 
considered,  as  well  as  using  the 
moon  as  a  target  to  measure  field- 
strength  patterns. 

Deteraiiaation  of  Roquirenoots 

Several  of  the  constants  which 
determine  the  maximum  distance  at 


which  a  radar  set  can  detect  targets 
are  peak  transmitter  power,  radio¬ 
frequency  of  the  transmitted  signal, 
duration  of  the  signal,  receiver 
noise  figure,  and  target  echoing 
area.  These  constants,  among 
others,  are  concisely  summarized  in 
what  has  been  called  the  free-space 


radar  equation. 

This  equation  has  already  been  de¬ 
rived  in  Electronics*.  In  this  equa¬ 
tion,  r  is  the  radar  range  at  which 
a  signal  may  be  detected,  P,  is  the 
transmitter  power  during  the  pulse. 
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Herbert  Kaufman  adjusts  the  bios  on  the 
high-lsTel  multiplying  stages  of  the  trans¬ 
mitter.  Kaufman  cmd  the  four  others  shown 
were  the  personnel  of  "project  Diono" 

G,  the  transmitting  antenna  power 
gain,  A,  the  absorption  area  of  the 
receiving  antenna,  a  the  effective 
echoing  area  of  the  target,  and  P, 
the  power  of  a  barely  discernible 
signal,  on  the  same  basis  as  Pt.  The 
power  gain  due  to  ground  reflec¬ 
tions  (not  considered  in  the  free- 
space  equation)  at  maximum  effec¬ 
tiveness  increases  the  range  of  the 
system  by  a  factor  of  2.  This  is 
equivalent  to  a  power  gain  of  12  db. 

In  the  case  of  a  target  as  large 
as  the  moon  (2160  miles  diameter), 
calculations  showed  that  in  order 
to  receive  an  echo  from  the  whole 
hemisphere  of  the  moon  at  once  a 
pulse  width  greater  than  0.02  sec¬ 
onds  was  required.  This  set  a  lower 
limit  on  the  transmitter  pulse  width 
which  corresponds  to  an  optimum 
bandwidth  of  50  cps  for  the  re¬ 
ceiver.  These  requirements  elimi¬ 
nate,  for  the  present,  the  use  of  the 
microwave  frequencies,  because  of 
considerations  of  pulse  length. 


Propagation  studies  indicated  that 
electromagnetic  waves  at  a  frequency 
of  110  me  were  capable  of  penetrat¬ 
ing  the  ionosphere,  and  because  of 
availability  of  equipment,  a  radar 
set  operating  at  111.5  me  was  chosen 
for  the  experiment.  The  peak  power 
available  in  this  transmitter  was 
equivalent  to  3000  watts  for  P*  using 
a  0.25-second  pulse.  The  transmitter 
had  the  added  advantage  of  being 
crystal  controlled,  deriving  its  final 
radio  frequency  after  a  series  of  fre¬ 
quency  multiplications  from  a  516.2- 
kc  crystal  oscillator.  The  receiver 
associated  with  the  transmitter  was 
of  the  multi-mixer  type  (quadruple 
superheterod3nie)  capable  of  beating 
down  radio-frequency  signals  to  a 
final  intermediate  frequency  of  180 
cycles  per  second.  Such  an  arrange¬ 
ment  permitted  use  of  an  extremely 
narrow  pass  band,  57  cps,  thus  mak¬ 
ing  the  receiver  highly  selective  and 
limiting  the  noise  to  a  very  low 
value.  The  extremely  narrow-band  re¬ 
ceiver  was  an  advantage,  also,  be¬ 
cause  it  permitted  tuning  the  re¬ 
ceiver  to  the  exact  radio  frequency 
of  the  returned  echo.  The  importance 
of  this  can  best  be  realized  by  con¬ 
sidering  the  fact  that  due  to  the  rela¬ 
tive  velocities  of  the  earth  and  the 
moon,  the  returned  signal  may  differ 
from  the  transmitted  signal  by  as 
much  as  300  cycles,  due  to  the  Dop¬ 
pler  frequency  shift.  In  using  a 
highly  selective  receiver  whose  final 
mixer  is  tuned  to  receive  the  precal¬ 
culated  frequency  of  an  echo  re¬ 
turn  from  the  moon,  the  receiver 
rejects  any  signal  returned  at  any 
other  frequency. 

To  reduce  the  noise  contribution  of 
the  receiver,  a  high-gain,  low-noise- 


figure  pre-amplifier  was  connected  be- 
tween  the  antenna  and  the  receiver 
proper.  The  minimum  perceptible 
received  power  was  P,  readily  calcu- 
lated  from  the  formula  for  noise 
figure. 

KTB  (2) 

In  this  formula  E*/AR  is  the  maxi- 
mum  available  signal  power  at  the 
receiver  input  terminals  in  watts, 
where  E  is  the  signal  voltage  at  the 
antenna  terminals,  and  R  is  the  effec¬ 
tive  impedance  in  ohms.  KTB  is  the 
maximum  available  noise  power  at 
the  receiver  input,  where  K  is  Boltz- 
man’s  constant,  1.37  x  10  *  joules  per 
degree  Kelvin,  T  is  the  temperature 
in  degrees  Kelvin,  chosen  at  300  de¬ 
grees,  and  B  is  the  noise  bandwidth 
of  the  receiver  in  cycles  per  second. 
For  this  receiver  B  is  57..  For  a  one- 
to-one  ratio  Eq.  3  gives  signal-power 
to  noise-power  of 


NF  KTB 


1.48  X  10  “  watts,  taking  the  effec¬ 
tive  noise  figure  of  the  receiver  as 
7  db. 

The  best  antenna  available  at  this 
frequency  was  a  32-dipole  array  util¬ 
ized  by  the  SCR-271  early-warning 
radar.  Two  of  these  arrays  were 
secured  side  by  side  and  mounted  on 
a  100-foot  tower.  Calculations  show 
that  the  array  had  a  power  gain  of 
152  times  that  of  a  single  halfwave 
dipole  antenna.  Since  the  effective 
gain  of  a  single  dipole  is  1.64  times 
that  of  an  isotropic  radiator,  the 
value  of  G»  is  given  as  1.64  X  152  or 
250. 

The  absorption  area  A,  of  the  re- 
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FIG.  2 — ^Block  diagram  of  tho  transmitter  proper.  This  arrangement  is  a  port  of  equipment  designed  for  another  purpose  by  E.  H.  Ann* 

strong,  odopted  by  the  Signal  Corps  for  the  lunor  studies 
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ceiving  antenna  is  calculated  from 
.  ax* 


Substituting  the  value  of  G.  pre¬ 
viously  given,  A,  =  622.1  x  10  ’ 
square  miles. 

The  remaining  constant  to  be  de¬ 
termined  before  solving  Eq.  1  is  the 
effective  echoing  area  of  the  target. 
Calculations  of  the  reflectivity  coef¬ 
ficient  made  by  Walter  McAfee  of  the 
Theoretical  Studies  Group,  assuming 
lero  conductivity  and  'a  dielectric 
constant  of  six  for  the  moon,  resuHed 
in  the  figure  0.1766.  The  effective 
echoing  area  is  this  figure  multiplied 
by  the  projected  area  of  the  moon, 
%  cT/i  where  d  is  the  lunar  diameter. 
This  gave  an  effective  echoing  area 
of  0.1766  (2160)*  (3.1416) /4  or  647,- 
000  square  miles. 

Substitution  of  these  values  in  the 
free-space  radar  equation  gave  a 
maximum  range  of  573,500  miles  and 
indicated  that  the  effective  range  of 
the  equipment  chosen  was  more  than 
twice  that  needed  to  receive  echoes 
from  the  moon.  By  adding  the  power 
gain  due  to  ground  reflection,  a  fur¬ 
ther  excess  of  power  of  12  db  or  a 
range  of  1,140,000  miles  was  indi¬ 
cated,  which  meant  that  according 
to  calculations,  the  received  signal 
should  be  about  20  db  above  thermal 
noise.  This  calculation  of  the  signal 
strength  of  the  returned  echo  checked 
closely  with  observations,  and  indi¬ 
cated  that  no  appreciable  attenuation 
occurs  in  free  space. 


FIG.  3 — The  radiortor  consists  of  two  standard  SCR-271  "mattresses"  mounted  side  by 
side.  64  dipoles  in  all.  This  40-foot-square  array  is  supported  on  a  100-foot  tower, 
con  look  at  the  moon  only  at  moonrise  and  moonset 


of  observation  using  the  present 
equipment  were  necessarily  limited 
to  moonrise  and  moonset.  That  this 
condition  of  observation  is  the  worst 
possible  (due  to  the  long  path 
through  the  atmosphere  and  the  con¬ 
sequent  possibility  of  trapped  radia¬ 
tion)  has  been  recognized.  But  it 
was  impractical  to  procure  an  array 
of  the  equatorial  type.  Aside  from 
propagation  deficiencies,  a  far  more 
serious  limitation  was  the  fact  that 
observations  were  limited  to  two 
short  periods  daily. 

The  beam  width  of  the  array  is  ap¬ 
proximately  16  deg  at  the  half -power 
points,  with  the  first  three  lobes 
spaced  approximately  3  deg  in  eleva¬ 
tion.  Since  the  diameter  of  the  moon 
subtends  roughly  one  half  degree  of 
arc,  most  of  the  power  transmitted 
does  not  illuminate  the  target,  which 
constitutes  a  serious  waste  of  power. 
The  rate  of  rise  of  the  moon  along 
its  ecliptic  is  1  degree  of  arc  every 


of  616.2  kc.  Keying  is  accomplished 
by  causing  a  low-level  multiplier 
stage  to  conduct  by  driving  its  cath¬ 
ode  negative  for  the  duration  of  the 
transmitted  pulse.  In  the  initial  set¬ 
up,  keying  was  performed  mechanic¬ 
ally  by  a  relay,  but  this  has  since  been 
replaced  by  an  electronic  keyer  with 
the  pulse  width  controllable  between 
0.02  to  0.2  seconds.  A  block  diagram 
of  the  transmitter  is  shown  in  Fig.  2. 

From  the  diagram  it  is  apparent 
that  the  transmitter  is  of  a  conven¬ 
tional  type.  The  output  is  fed  over 
a  260-ohm  open-wire  transmission 
line  to  the  antenna  array.  The  an¬ 
tenna  contains  64  dipoles  horizontally 
polarized.  The  effective  power  gain 
of  the  array  is  260,  or  24  db. 

The  antenna,  shown  in  Fig.  3,  is 
mounted  on  a  steel  tower  100  feet 
high  and  is  controllable  in  azimuth 
only.  No  provision  has  been  made 
to  incline  the  antenna  in  elevation. 
Because  of  this  restriction,  the  times 


Traasmlttar 


Once  the  determination  of  con¬ 
stants  was  completed,  the  choice  of 
available  radar  sets  was  made.  Since 
no  attempt  was  made  to  design  major 
components  specifically  for  this  ex¬ 
periment,  the  selection  of  receiver 
and  transmitter  was  made  from 
equipment  on  hand.  A  crystal-con¬ 
trolled  radar  transmitter  and  receiver 
designed  by  Major  E.  H.  Armstrong 
for  another  purpose  were  selected 
since  they  met  the  requirements  of 
power  and  bandwidth.  A  block  dia¬ 
gram  of  the  complete  transmitting, 
receiving  and  indicating  system  is 
shown  in  Fig.  1. 

The  transmitter  is  crystal  con¬ 
trolled,  deriving* its  final  radio  fre¬ 
quency  of  111.6  me  after  a  series  of 
frequency  multiplications  from  a  fun¬ 
damental  crystal  oscillator  frequency 


ELECTRONICS  — i4pri7  194€ 


r  7 

r  i 

1 —  ♦ 

1  ' 

— 

^  t  - 

TRIPLER 
(78.9786  NIC) 


AMPLIFIER 
(8.7754 MO 


PRE¬ 
AMPLIFIER 
011.4992  MC) 


DOUBLER 
(5.162  MC) 


2nd  NARROW 
BAND  l-F 
AMPLIFIER 
(1.5486  MC) 


FINAL 

CONVERTER 


CONVERTER] 
(1.5486  MC) 


RECTIFIER 


FIG.  4 — Block  diagram  of  receiver,  a  quadruple  superheterodyne.  Four  mixers,  controlled  from  transmitter  crystal,  keep  receiver  in  hme, 
beat  signal  down  to  180-cps  i-f  frequency.  Visual  os  well  as  aural  indications  ore  provided 


4  minutes,  which  allowed  roughly  40 
minutes  of  observation  as  the  moon 
intercepted  the  first  three  lobes  of 
the  antenna.  Bending  effects  due  to 
long  transmission  path  through  the 
ionosphere  undoubtedly  exist,  but  no 
precise  measurement  of  this  effect 
has  yet  been  made. 

Receiving  System 

The  receiving  system  is  sufficiently 
different  from  conventional  design  to 
warrant  a  more  complete  description. 
A  block  diagram  is  shown  in  Fig.  4. 
The  entire  receiver  is  frequency  con¬ 
trolled,  and  contains  four  mixer 
stages  which  heterodsme  the  radio¬ 
frequency  signal  to  a  final  interme¬ 
diate  frequency  of  180  cps.  Since  the 
first  three  injection  frequency  volt¬ 
ages  as  well  as  the  final  radio  fre¬ 
quency  are  derived  from  multiples  of 
a  common  crystal  oscillator,  a  high 
degree  of  frequency  stability  is 
achieved  in  the  system.  This  high 
degree  of  stability  is  essential  to  per¬ 
mit  tuning  the  highly  selective  re¬ 
ceiver  to  the  frequency  of  the  echo 
signal.  This  tuning  is  accomplished 
in  the  final  heterodyne  stage. 

In  tuning  it  is  necessary  to  take 
account  of  the  change  in  frequency 
of  the  returned  signal  which  results 
from  variations  in  the  relative  veloc¬ 
ity  of  the  moon  with  respect  to  the 


earth.  The  frequency  of  the  return¬ 
ing  echo  may  differ  from  the  trans¬ 
mitted  frequency  by  as  much  as  300 
cycles  per  second,  since  the  relative 
velocities  of  the  earth  and  moon  vary 
from  about  -4-900  mph  at  moonrise  to 
—900  mph  at  moonset.  At  the  fre¬ 
quency  of  the  transmitter,  a  relative 
velocity  of  3  miles  per  hour  between 
antenna  and  target  causes  a  shift  of 
approximately  1  cycle  per  second  in 
the  received  signal.  This  frequency 
shift,  due  to  relative  velocities  of  the 
transmitting  antenna  and  target,  is 
present  in  all  radar  echoes  from  mov¬ 
ing  targets,  but  is  undetected  in  con¬ 
ventional  receivers  because  the  band¬ 
width  of  the  normal  receiver  is  many 
times  greater  than  the  frequency 
shift.  In  the  Diana  receiver,  a  band¬ 
width  of  57  cps  is  achieved  in  the 
final  i-f  stages.  It  is  therefore  neces¬ 
sary  to  predetermine  the  Doppler  fre¬ 
quency  shift  for  the  particular  ob¬ 
servation  being  made,  and  to  select 
the  proper  crystal  for  the  final  het¬ 
erodyne  mixer.  To  achieve  the  high 
degree  of  accuracy  required  in  the 
final  mixer,  provision  is  made  to 
modify  the  frequency  of  the  crystal- 
controlled  oscillator  by  means  of  a 
screwdriver  control  which  varies  the 
air  gap  above  the  crystal.  Final  ad¬ 
justment  of  the  oscillator  is  made  by 
beating  the  crystal  oscillator  output 


against  a  secondary  frequency  stand¬ 
ard  source,  and  observing  the  output 
on  a  monitoring  oscilloscope. 

The  output  of  the  final  heterodyne 
mixer  is  fed  into  two  channels,  one 
audio,  the  other  video.  The  audio 
channel  is  simply  a  power  amplifier 
stage  with  the  output  connected  to 
a  loud  speaker.  The  video  output 
channel  is  fed  into  a  second  detector 
to  recover  the  envelope  of  the  180 
cps  intermediate-frequency  signal, 
and  then  is  amplified  by  a  high-gain 
video  amplifier  and  connected  directly 
to  the  vertical  deflecting  plates  of  a 
nine-inch  cathode-ray  tube.  The  hori¬ 
zontal  deflection  is  a  linear  4-second 
type-A  sweep.  The  visible  output 
is  the  characteristic  low-frequency 
noise  pattern  representing  a  57-cycle 
bandwidth  centered  at  180  cycles.  A 
sudden  upward  departure  from  the 
base  line  occurs  when  an  echo  signal 
is  received  from  the  moon.  This  is 
shown  clearly  in  Fig.  6.  The  audible 
signal  is  ranc^om  noise  of  57-cycle 
bandwidth,  superimposed  on  a  fixed- 
frequency  note,  at  the  intermediate 
frequency  of  180  cycles,  when  the 
echo  is  received. 

As  stated  previously,  tuning  of  the 
receiver  is  accomplished  in  the  final 
mixer.  The  injection  signal  fre¬ 
quency  must  be  calculated  for  each 
observation  to  take  into  account  the 
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relative  velocity  of  target  and  an¬ 
tenna  due  to  both  the  rotational  veloc¬ 
ity  of  the  earth  and  the  orbital  veloc¬ 
ity  of  the  moon.  These  data,  together 
with  azimuth  angle  and  time,  are  cal¬ 
culated  daily  from  information  given 
by  the  Nautical  Almanac  and  Ephem- 
eris.  The  detection  of  the  frequency 
due  to  Doppler  shift  is  made  with  a 
high  degree  of  accuracy  by  the  selec¬ 
tive  receiver.  This  in  itself  is  cor¬ 
roboration  that  the  echo  signal  is 
from  the  moon.  Also,  the  echo  inter¬ 
val  of  2.4  seconds  admits  of  no  other 
explanation. 

The  pre-amplifier  of  the  receiver 
consists  of  a  three-stage  tuned  r-f 
amplifier  employing  two  grounded- 
grid  stages  (6J4)  followed  by  a 
6SH7  tuned  amplifier  at  the  trans¬ 
mitter  frequency.  The  overall  gain 
of  the  pre-amplifier  alone  is  30  db 
with  an  overall  noise  figure  of  3.5 
db  and  a  bandwidth  of  1  me.  The 
electrical  design  of  the  first  two 
stages  was  suggested  by  a  develop¬ 
ment  of  Dr.  F.  K.  Llewellyn.  A  sim¬ 
plified  schematic  of  the  first  two 


FIG.  5 — Most  widoly  published  certhode-roy  trace  in  history,  this  type-A  presentation 
shows  amplitude  oi  moon  echo  about  three  times  peak  noise.  Taken  at  moonrise, 
January  22.  1946.  The  relative  velocity  oi  moon  and  earth  was  682  miles  per  hour, 
requiring  a  227-cps  shift  in  tuning  to  allow  for  Doppler  effect.  Signal-to-noise  ratios 
as  high  as  20  db  hove  been  recorded 

ment  kit  for  the  SCR-271  radar,  and  receiver  and  transmission  line  to 


stages  is  shown  in  Fig.  6.  The  use  like  the  transmitter  and  receiver,  was  convert  the  250-ohm  balanced  input 
of  concentric  tubing  inductances  for  chosen  for  the  Diana  experiment  be-  to  the  50-ohm  unbalanced  input  of 
the  tuned  circuits  provides  automatic  cause  it  satisfied  one  of  the  require-  the  pre-amplifier, 
r-f  filtering  on  the  direct-current  and  ments,  that  of  a  very  low  noise  figure  The  transmit-receive  switching 
filament  leads.  The  pre-amplifier  was  receiver.  A  tuned  impedance-match-  system  (t/r  box)  employed  in  the 
designed  originally  as  an  improve-  ing  transformer  is  used  between  the  original  experiment  was  a  set  of  two 


6— Secrat  of  succoss  was  low-noiso  prs<nnplifi«r,  a  grounded-grid  cirodt  based  on  a  design  by  F.  B.  Llewellyn.  Coaxial  leads  inside 


coUs  exclude  r-f  from  d-c  circuits 
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FIG.  7 — Linear  deflection  circuit  of  type-A  indicator,  which  eweepi  ipot  across  screen 
in  up  to  ten  seconds.  Basic  circuit  is  transitron  oscillator.  Sweep  and  keyer  are 
controlled  by  the  cathode-coupled  flip-flop  circuit  at  bottom  of  diagram 


mechanically-operated  shorting  bars 
on  the  transmission  line,  operating 
from  a  multivibrator-controlled  relay 
during  the  transmitted  pulse  interval 
of  0.26  sec.  One  of  the  shorting  bars 
serves  to  short  out  the  receiver  in¬ 
put  during  transmission,  and  the 
other  shorts  out  the  transmitter  dur¬ 
ing  reception. 

K*y»r  oad  l■dieoter 

The  visual  indicator  used  is  a  nine- 
inch  electrostatic  cathode-ray  tube, 
9EP7,  with  a  long-persistence  screen. 
The  electron  beam  is  caused  to  scan 
the  width  of  the  tube,  synchronously 
with  the  transmitted  pulse,  in  4  sec¬ 
onds,  forming  a  linear  time  base. 
The  persistence  of  the  tube  is  long 
enough  to  retain  the  pattern  for  at 
least  two  sweeps.  The  circuit  em¬ 
ployed  to  generate  this  sweep  is  a 
direct-coupled  transitron  sawtooth 
oscillator,  described  below.  A  pulse 
equivalent  in  time  to  the  keying  pulse 
is  also  generated  by  this  circuit  and 
is  applied  to  the  cathode  of  a  low-level 
multiplier  stage  of  the  transmitter, 
causing  it  to  conduct  for  the  pulse 
duration  and  to  drive  the  subsequent 
multipliers. 

The  time-base  generator  consists 
essentially  of  a  high-gain  pentode 
amplifier  with  capacitance  coupling 
between  plate  and  grid.  The  sche¬ 
matic  is  shown  in  Fig.  7.  The  capaci¬ 
tance  coupled  path  includes  a  cathode 
follower  stage,  the  left  hand  section 
of  V..  For  the  duration  of  the  con¬ 
duction  cycle,  the  anode  voltage  of 
the  pentode  F,  drops  and  capacitor 
Cl  begins  to  discharge  through  the 
tube.  As  the  voltage  on  the  plate 
drops  the  current  flow  in  Ci  drives 
the  grid  negative,  tending  to  cut  off 
the  plate  current,  A  condition  of  dy¬ 
namic  equilibrium  then  exists  with 
the  plate  voltage  dropping  at  a  linear 
rate  determined  by  i?,  and  C,  and  the 
grid  being  maintained  at  a  constant 
voltage,  since  each  decrement  in  plate 
voltage  causes  a  corresponding  drop 
on  the  grid  which  keeps  the  grid  sig¬ 
nal  and  hence  the  output  of  the  tube 
substantially  constant.  The  time  con¬ 
stant  of  Ri  Cl  is  chosen  to  cause  Ci 
to  become  fully  discharged  during  the 
cycle. 

When  the  plate  voltage  drops  to 
the  point  where  electrons  from  the 
cathode  can  no  longer  flow  to  it,  an 
increase  in  screen  current  occurs 
which  rapidly  decreases  the  screen 


voltage  and  correspondingly  de¬ 
creases  the  suppressor  voltage.  This 
action,  which  is  cumulative,  has  the 
effect  of  suddenly  cutting  off  the 
anode  current.  This  causes  the  cath¬ 
ode  current  to  be  retarded  by  the  sup¬ 
pressor  grid  and  made  to  flow  to  the 
screen.  A  negative  pulse  appears  at 
the  screen,  and  Ci  begins  to  charge 
through  the  cathode  follower  un¬ 
til  a  point  is  reached  where  the 
plate  begins  to  draw  current  and  the 
oscillator  is  recycled.  The  screen  re¬ 
turns  to  its  original  voltage,  and  the 
plate  voltage  begins  to  fall.  By  suit¬ 
able  choice  of  Ri  and  Ci  a  range  of 
from  about  0.1  to  3  cps  is  obtained. 

Keying-voltage  signals  are  derived 
from  the  differentiated  output  of  the 
negative  pulse  appearing  on  the 
screen  of  the  oscillator.  This  is  used 
to  trigger  a  multivibrator  whose  time 
constant  is  controllable  by  a  variable 
5  meg  resistor,  varying  the  output 
pulse  width  from  0.02  to  0.26  seconds. 

The  addition  of  the  cathode  fol¬ 
lower  stage  Vt  was  made  to  shorten 
the  charge  time  of  Ci  by  causing  it 
to  charge  through  th^  grid  cathode 
space  of  the  cathode  follower.  This 
reduces  the  return  trace  time.  Tube 
F,  serves  as  a  degenerative  phase- 
inverting  amplifier  to  secure  push- 
pull  sweep  voltage. 


The  keyer  multivibrator  is  a  con¬ 
ventional  cathode-coupled  flip-flop 
circuit  with  the  initiating  trigger 
applied  as  a  positive  pulse  on  the  grid 
of  the  normally  non-conducting  sec¬ 
tion.  A  positive  pulse  varying  in 
width  from  0.02  to  0.26  seconds  is  ob¬ 
tained  at  the  plate  of  the  other  sec¬ 
tion.  This  signal  is  applied  to  a  nor¬ 
mally  cut  off  pentode  whose  load 
impedance  is  the  cathode  of  the 
12.388  me  amplifier  stage  in  the 
transmitter.  For  the  duration  of  this 
applied  signal,  the  plate  of  the  am¬ 
plifier  is  driven  negative,  taking  the 
cathode  of  the  keying  tube  down  with 
it,  thus  causing  it  to  conduct. 

The  first  echoes  from  the  moon 
were  received  at  moonrise  on  Jan¬ 
uary  10,  1946.  The  indication  was  of 
the  audible  type  in  the  form  of  a 
180-cycle  beat  note  occurring  2.5  sec¬ 
onds  after  transmission. 

Although  numerous  observations 
have  been  made,  both  at  moonrise 
and  moons|et,  echo  returns  do  not 
occur  after  every  transmission.  Fur¬ 
ther  measurements  are  needed  before 
precise  scientific  conclusions  can  be 
drawn. 

Reference 

(1)  The  Radar  Equation.  EnncTROMOs. 
p.  92,  .\prll  1945. 
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OSS  R-4  sttbmarin*.  with  arrow  point- 
Inq  to  JP  hydrophone  installed  topride 
(U.  S.  Nary  photo) 


FOR  SUBMARINES 

Technical  details  of  sonar  equipment  used  on  submarines  for  underwater  listening,  includ¬ 
ing  description  of  supersonic  converter  circuit,  construction  of  highly  directive  line-type  mag¬ 
netostriction  hydrophone,  and  analysis  of  transmission  characteristics  of  sea  water 


SO  N  A  R 


WITH  the  declassification  by  the 
Navy  of  JP  sonar  equipment, 
it  is  possible  for  the  first  time  to  de¬ 
scribe  a  complete  underwater  sound 
system,  including  the  advanced  form 
of  magnetostriction  hydrophone  that 
became  the  standard  transducer  in 
submarine  listening  devices.  The  JP 
sonar  was  developed  in  cooperation 
with  the  Navy  by  Columbia  Univer¬ 
sity,  Division  of  War  Research,  un¬ 
der  NDRC  Section  6  at  the  U.  S, 
Navy  Underwater  Sound  Laboratory 
at  New  London,  Connecticut. 

The  success  of  underwater  sound 
devices  became  increasingly  impor¬ 
tant  to  the  American  war  effort  with 
the  launching  of  the  German  sub¬ 
marine  campaign  against  our  coastal 
shipping  in  1942.  While  playing  an 
important  role  in  the  defeat  of  the  U 
boat,  American  sonic  gear  also  per¬ 
formed  outstandingly  against  the 
Japanese.  The  JP  sonar  carried  a 
large*  share  of  the  burden  of  under¬ 
water  listening  during  the  war,  and 
constituted  a  major  advance  in  the 
development  of  American  underwater 
sound  gear. 

Much  of  the  developmental  work  in 
the  field  of  underwater  sound  went 
into  sonic  ranging  devices  which 
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project  a  signal  into  the  water  and 
obtain  information  of  various  kinds 
from  the  echo.  Such  ranging  devices 
are  of  fundamental  importance,  but 
a  listening  device  has  a  complemen¬ 
tary  importance  and  a  number  of  ad¬ 
vantages  as  a  warning  instrument. 
It  gives  warning  of  the  presence  of 
a  surface  vessel  at  greater  ranges 
than  from  an  echo  ranging  device, 
which  suffers  from  the  doubled  dis¬ 
tance  the  signal  must  travel  and  the 
far  from  efficient  reflection  by  the 
target. 

The  operator  of  a  listening  device 
gets  information  about  the  outside 
world  by  identification  of  sounds 
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which  is  lacking  when  echo  ranging 
is  employed.  Furthermore,  the  tacti¬ 
cal  and  psychological  advantages  of 
actually  being  able  to  hear  the  enemy 
were  found  early  in  the  war  to  be 
of  great  importance  to  the  com¬ 
mander  of  a  submerged  submarine. 

Und«rwat*r  Listening  Problems 

The  most  important  sound  pro¬ 
duced  in  the  water  by  a  moving  ves¬ 
sel,  either  on  the  surface  or  sub¬ 
merged,  is  usually  the  result  of  cavi¬ 
tation  at  the  propeller.  The  resulting 
underwater  sound  wave  is  highly 
complex  and  has  frequency  compo¬ 
nents  throughout  the  sonic  and  into 
the  supersonic  spectrum.  The  acous¬ 
tic  pressure  produced  in  the  water 
at  1,000  yards  by  the  propeller  of 
a  typical  ship  moving  at  medium 
speed  is  plotted  in  Fig.  1  for  frequen¬ 
cies  between  100  and  10,000  cycles. 

Other  noises  produced  in  the  water 
by  a  vessel  include  the  vibration  of 
the  engines  or  other  machinery  and 
impact-type  noises  such  as  the  bang¬ 
ing  of  chains  or  other  gear.  ‘  Speed- 
reducing  gears  and  pumps  are  espe¬ 
cially  noisy.  Some  types  of  bearings 
may  have  a  periodic  squeak,  and  the 
hull  of  the  ship  may  cause  cavitation 
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in  the  water  at  high  speeds.  These  first  becomes  recognizable  when  clos- 
types  of  noises  will  in  general  be  car-  ing  range  may  be  anywhere  in  the 
ried  through  the  water  as  waves  of  spectrum,  but  is  most  often  in  the 
complex  frequency  distribution,  with  500  to  2,000-cps  range, 
both  sonic  and  supersonic  compo¬ 
nents. 

Although  exact  analysis  of  the 
transmission  characteristics  of  sea 
water  is  difficult,  there  are  two  main 
effects  that  influence  the  range  of  a 
sound  in  sea  water.  The  first  is  the 
expected  inverse-square-law  reduc¬ 
tion  in  energy  caused  by  the  spread¬ 
ing  of  the  wave;  the  other  is  an  ab¬ 
sorption  effect  due  to  the  mechanical 
resistance  of  the  water.  The  latter 
effect,  for  signals  below  about  6  kc, 
adds  approximately  2  db  of  attenua¬ 
tion  per  1,000  yards  to  that  due  to 
spreading.  Above  5  kc,  the  attenua¬ 
tion  from  absorption  increases  rap¬ 
idly.  At  100  kc,  the  absorption 
amounts  to  approximately  20  db  per 
1,000  yards.  This  transmission  char¬ 
acteristic  makes  it  certain  that  at  rel¬ 
atively  long  ranges  an  underwater 
sound  will  consist  predominantly  of 
low-frequency  energy. 

Ambient  water  noise  is  a  never- 
absent  factor  that  vitally  affects  the 
range  and  effectiveness  of  under¬ 
water  listening  devices.  The  noise 
level  varies  with  different  states  of 
sea  agitation  and  with  other  factors, 
but  under  most  representative  condi¬ 
tions  has  an  energy  distribution  that 
falls  off  rapidly  in  the  higher  fre¬ 
quencies.  The  falling  characteristic 
of  the  noise  with  frequency  usually 
gives  high  signal  frequencies  a  bet¬ 
ter  signal-to-noise  ratio  at  close 
ranges,  but  at  long  ranges  the  attenu¬ 
ation  of  the  signal  af  high  frequen¬ 
cies  tends  to  cancel  this  advantage. 

The  frequency  at  which  the  signal 


Equipment  Requirements 

It  will  be  seen  from  the  above  that 
a  searching  device  must  be  capable  of 
responding  to  signal  frequencies  any¬ 
where  in  the  sonic  and  well  into  the 
supersonic  range.  Rugged  electro¬ 
mechanical  transducers  for  such  a 
range  are  essential.  The  transducers 
must  operate  under  water,  at  static 
pressures  as  high  as  250  lb  per 
square  inch,  and  in  addition  are  sub¬ 
ject  to  dynamic  pressures  arising 
from  depth  charges  and  the  motion 
of  the  submarine  through  the  water. 
The  problem  of  matching  the  trans¬ 
ducer  impedance  to  that  of  the  water 
is  of  an  unfamiliar  order  of  dimen¬ 
sions,  as  the  mechanical  impedance 
of  water  is  many  times  that  of  air. 

Additional  design  factors  arise 
from  the  combination  of  the  listening 
and  tracking  functions  with  search¬ 
ing  in  the  JP  sonar.  For  the  listen¬ 
ing  function  it  is  desirable  that  the 
operator  be  able  to  hear  the  signal 
through  a  system  having  controllable 
characteristics  over  the  audible  band. 
If  the  aural  character  of  the  signal 
is  emphasized  by  filtering,  experi¬ 
enced  operators  can  identify  differ¬ 
ent  types  of  vessels  by  their  sound. 
Many  operators  became  so  experi¬ 
enced  in  the  interpretation  of  sonic 
signals  that  they  could  in  some 
cases  tell  whether  a  ship  was  loaded 
or  unloaded,  when  it  made  a  sharp 
turn  in  the  water,  etc. 

For  the  tracking  function,  the  sys¬ 
tem  should,  of  course,  be  as  directive 
in  its  response  as  possible. 


FIG.  1 — ^Acoustic  prMSur*  in  water  due 
propeller  ol  freighter  1.000  yards  ow 
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FIG.  2 — Drawing  of  JP  sonar  listening 
equipment 
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FIG.  3 — Cross-section  Tiew  of  line-type 
magnetostriction  hydrophone 
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FIG.  4 — Magnetostriction  hydrophone,  disossembletT  at  left  and  assembled  at  right  for  topside  motmting  on  a  submarine 
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The  JP  equipments  met  the  above  Earlier  types  of  hydrophones  were 
requirements  through  the  develop-  of  piston  construction,  using  a  mul- 
ment  of  the  line  type  of  magneto-  tiplicity  of  magnetized  nickel  tubes 
striction  hydrophone  and  specialized  placed  parallel  to  each  other  and  fas- 
electronic  equipment  to  function  with  tened  perpendicularly  to  a  diaphragm 
it  The  complete  equipment,  shown  in  in  contact  with  the  water.  This  per- 
block  form  in  Fig.  2,  consists  of  the  forms  well  in  certain  applications, 
hydrophone  mounted  at  the  top  of  a  but  when  greatly  increased  directiv- 
training  shaft  which  extends  through  ity  is  demanded  of  the  system,  the 
the  topside  of  the  submarine,  the  physical  dimensions  of  the  piston 
training  gear  for  revolving  the  hy-  hydrophone  make  it  unwieldy.  Inter- 
drophone  and  indicating  its  tracking  ference  between  successive  wave 
position  to  the  operator,  the  listening  fronts  at  close  bearing  angles,  which 
amplifier  for  raising  the  signal  level  is  the  basis  of  the  directivity  of  a 
and  bringing  it  under  the  operator's  typical  underwater  sound  transducer, 
control,  and  the  supersonic  converter  cannot  be  achieved  in  the  sonic  range 
for  heterodyning  signals  in  the  su-  with  a  circular  diaphragm  of  prac- 
personic  spectrum  down  to  audibility,  tical  dimensions. 

To  search  or  track  in  the  sonic 
range,  or  to  listen  directly  to  a  sig¬ 
nal  for  the  aural  character,  the 
hydrophone  is  fed  directly  into  the 
listening  amplifier,  with  the  super¬ 
sonic  converter  cut  out  of  the  sys¬ 
tem.  When  searching  for  supersonic 
signals  or  tracking  on  the  higher 
components  of  any  signal,  the  con¬ 
verter  is  cut  into  the  system  between 
the  hydrophone  and  the  listening 
amplifier. 


fore  use  and  the  instrument  operates 
on  the  residual  magnetism.  Defor¬ 
mation  of  the  tube  by  acoustic  energy 
in  the  water  produces  a  correspond¬ 
ing  variation  in  the  magnetic  field, 
which  is  carried  through  the  coil  by 
the  transverse  steel  core. 

Figure  5  shows  the  sensitivity  and 
frequency  response  of  the  JP  hydro¬ 
phone,  in  decibels  below  one  volt  at 
the  open-circuit  terminals,  with  a 
constant  acoustic  pressure  of  one 
dyne  per  square  centimeter.  The 
rising  character  of  the  response  be¬ 
tween  100  and  10,000  cycles  is  desir¬ 
able  to  equalize  the  reverse  charac¬ 
teristic  of  underwater  signals  at  long 
ranges.  The  response  in  the  super¬ 
sonic  range  is  necessary  to  make  the 
system  completely  flexible  as  a  track¬ 
ing  and  searching  device. 

The  residual  magnetism  in  the 
tube  gradually  falls  off  in  use,  and 
may  be  materially  reduced  by  the 
shock  of  depth-charge  explosions  or 
other  underwater  disturbances.  The 
remagnetizing  circuit  shown  in  Fig. 
6  is  therefore  provided  in  the  ampli¬ 
fier  for  remagnetizing  the  tube.  The 
500-microfarad  capacitor  is  main¬ 
tained  in  a  charged  condition  across 
the  110-volt  d-c  power  line,  and  a 
pushbutton  switch  allows  the  capaci¬ 
tor  to  be  discharged  through  the 
hydrophone  coil. 

The  directivity  pattern  of  the  JP 
hydrophone  is  shown  in  Fig.  7  for 
single  frequencies  of  1,  5  and  10  kc. 
At  1  kc,  with  a  wavelength  of  nearly 
five  feet,  there  is  no  useful  directive 
effect,  while  at  10  kc  the  resi>onse 
falls  off  nearly  to  zero  at  about  5  de¬ 
grees  either  side  of  zero  bearing.  The 
first  secondary  lobe  in  the  pattern  is 
about  13  db  below  the  zero-bearing 


Magiictostrictioii  Hydrophone  Design 

The  line  type  of  hydrophone  over¬ 
came  this  difficulty  by  using  a  single 
magnetized  element,  a  nickel  tube  3 
feet  long  and  2  inches  in  diameter. 
The  tube  itself  acts  as  a  diaphragm 
to  receive  energy  from  the  water. 
The  coil  is  wound  on  a  soft  wood  and 
silicon  steel  core  and  is  entirely  en¬ 
closed  in  the  tube,  as  shown  in  the 
cross-sectional  view  of  Fig.  3.  In 
back  of  the  tube  and  supporting  it  in 
the  horizontal  position  is  the  baffle,  a 
bronze  casting  of  streamlined  cross- 
section  which  is  covered  with  a  rub¬ 
ber  blanket  to  absorb  sound  reaching 
the  hydrophone  from  the  rear.  The 
hydrophone  tube,  the  baffie,  the  rub¬ 
ber  blanket,  and  various  fittings  dis¬ 
assembled  are  shown  in  Fig.  4  along 
with  the  complete  assembly  as 
mounted  at  the  top  of  the  training 
shaft. 

Hydrophone  Characteristics 

The  nickel  tube  is  magnetized  be¬ 


FIG.  5 — Frequency  response  oi  hydrophone 


HYOROI>HONE’ 

WHtDtNGS 


mOATiNQ.  GROUNK  1 


HYDROPHONE 


SUPERSON»C  CONVER' 


COUNT 
I  DETECTOR  i 


fig.  6 — Circuit  lor  remaqnetixinq  nickel 
tube  ol  magnetostriction  hydrophone 
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FIG.  8 — Block  diagram  oi  JP  sonic  listening  gear 
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FIG.  9 — Clra;dt  diagram  of  a-f  amplifier  for  models  IP*2  and  IP-3  sonar  equipment 


found  of  value  in  listening  systems 
of  the  JP  type,  as  the  water  noise  is 
at  present  the  limiting  factor  on  the 
range  of  the  system. 

Testing  of  large  groups  of  opera¬ 
tors  has  shown  that  for  a  signal  to 
be  recognized  through  the  noise,  the 
signal  level  must  be  about  equal  to 
the  noise  level  over  a  band  of  fre¬ 
quencies  somewhere  in  the  audible 
spectrum.  The  width  of  such  a  band 
which  will  just  make  the  signal  dis¬ 
cernible,  known  as  the  critical  band¬ 
width,  varies  somewhat  with  the 
position  of  the  band  in  the  spectrum. 
With  strongly  periodic  signals,  ex¬ 
perienced  operators  can  sometimes 
pick  out  a  signal  as  much  as  10  db 
below  the  noise  level. 

To  reduce  the  noise  level  and  make 
the  system  most  effective  at  the  point 
in  the  spectrum  where  the  signal-to- 
noise  ratio  happens  to  be  most  favor¬ 
able,  the  amplifier  incorporates  a 
variable  equalizer  between  the  second 
and  third  stages.  The  characteristic 
response  for  each  of  the  five  filter 
positions  is  shown  in  Fig.  10.  The 
bass-boost  or  No.  1  position  aids  in 
identifying  noises  with  a  predom¬ 
inant  low-frequency  character,  such 
as  banging  chains,  machinery  vibra¬ 
tion,  etc,  and  is  useful  at  long  ranges. 
The  unequalized  position  is  No.  2, 
and  No.  3,  4  and  5  cut  in  high-pass 
filters  with  progressively  higher  cut¬ 
off  points.  Tfhe  latter  positions  are 
most  useful  at  relatively  close  ranges, 
when  the  falling  characteristic  of  the 
noise  with  frequency  can  be  used  to 
advantage. 

Limiting  the  response  to  the  3,000 
or  6,000-cycle-and-up  range  will  often 
eliminate  the  major  part  of  the  noise 
energy,  which  lies  in  the  lower  fre- 


FIG.  10— Response  of  a-f  amplifier  at  the  fiTe  filter-switch  settings 

response.  As  the  signal  frequency  and  thus  allows  the  operator  to  place 
rises  into  the  supersonic  spectrum  the  signal  in  the  forward  arc  of  the 
the  directive  pattern  shows  even  pancake  pattern, 
sharper  peaks,  which  indicates  the 
reason  for  the  emphasis  on  the  high 
frequencies  in  the  tracking  function. 

Actual  listening  employs  a  band  of 
frequencies  which  minimizes  the 
prominence  of  the  secondary  lobes 
of  the  directivity  pattern. 

The  line  hydrophone  has  a  solid 
directive  pattern  of  the  pancake  type, 
as  opposed  to  the  bowling-pin  pat¬ 
tern  of  the  piston  hydrophone.  The 
difference  can  be  visualized  by  re¬ 
volving  the  10-kc  pattern  of  Fig.  7 
first  around  the  horizontal  reference 
line  as  an  axis  to  form  the  pancake 
pattern,  and  then  around  the  vertical 
center-line  to  form  the  bowling-pin 
pattern.  The  pancake  pattern  is  con¬ 
sidered  superior  for  searching  pur¬ 
poses  because  it  gives  equal  response 
to  signals  in  a  plane  normal  to  the 
hydrophone  axis,  no  matter  what  the 
vertical  angle  of  elevation.  This  ig¬ 
nores  the  effect  of  the  baffle,  which 
reduces  the  response  from  the  rear 


AmpIMIar  CIrealf 

The  hydrophone  output  is  brought 
down  through  the  training  shaft  to 
the  listening  amplifier.  A  block  dia¬ 
gram  of  the  amplifier  is  shown  in 
Fig.  8  and  the  complete  schematic  in 
Fig.  9.  It  is  in  the  main  a  resistance- 
coupled  five-stage  arrangement  of 
conventional  design,  using  pentodes 
throughout.  Two  separate  feedback 
loops  are  used  to  stabilize  gain  and 
reduce  noise,  one  over  the  first  two 
stages  and  one  over  the  last  two. 

The  electrical  sensitivity  of  the 
system,  measured  from  the  output  of 
the  hydrophone,  is  approximately 
lO"*  volt.  With  a  hydrophone  of  the 
JP  t5rpe  and  overall  amplifier  sensi¬ 
tivity  of  the  order  of  0.01  microvolt, 
the  system  has  a  sensitivity  margin 
of  about  20  db  over  that  required  to 
raise  the  water  noise  to  audibility 
under  average  conditions.  Further 
increases  in  sensitivity  have  not  been 
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ljuencies,  and  will  permit  the  opera-  a  periodic  signal  stand  out  clearly 

tor  to  pick  out  signals  that  would  from  the  noise.  This  simple  distor- 

otherwise  be  completely  masked,  tion-supplying  device  is  most  often 

Naturally,  reducing  the  bandwidth  used  to  get  a  clear  count,  on  the 

also  reduces  the*  noise  level  by  some  propeller  beat  of  another  vessel,  hence 

factor  independent  of  differential  the  name  turn-count  detector, 

frequency  effects. 

Normal  listening  was  with  high- 
quality  headphones  so  sounds  would 
be  as  near  the  original  as  possible. 

The  indicator  channel,  with  an 
amplifier  stage  and  a  high-pass  filter 
cutting  off  at  5,500  cycles,  is  used  to 
give  the  operator  a  sharp  visual  in¬ 
dication  of  zero  bearing  on  the  tar¬ 
get.  Restriction  of  the  response  of 
the  tuning  eye  tube  to  signals  above 
5,500  cycles  is  necessary  to  obtain  a 
sharply  directional  response. 

The  output  stage  includes  a  diode 
which  can  be  thrown  in  with  a  switch 
to  shunt  the  grid  circuit,  with  the 
plate  of  the  diode  connected  directly 
to  the  grid  and  the  cathode  of  the 
diode  connected  to  ground.  The  re¬ 
sulting  clipping  action  on  positive 
signal  peaks  provides  a  strong  band 
of  harmonics  which  will  often  make 


mixers.  A  three-step  volume  control 
at  the  grid  of  the  first  mixer  provides 
a  long,  short,  and  medium  range, 
with  20  db  of  attenuation  between 
each  step.  The  audio  output  of  the 
converter  is  —  4  db  over  the  range 
of  500  to  5,000  cycles.  The  converter 
gives  the  system  as  a  whole  18  db 
more  gain  at  supersonic  frequencies 
than  the  listening  amplifier  alone 
has  at  1,000  cycles. 

With  the  hydrophone  output  fed 
into  the  supersonic  converter  and 
the  converter  output  connected  into 
the  listening  amplifier  at  the  grid  of 
the  third  stage,  the  operator  can 
search  for  signals  in  the  supersonic 
range,  or  use  the  higher  components 
of  any  signal  for  greater  tracking 
accuracy.  Switching  is  provided  so 
that  the  converter  can  be  instantly 
connected  into  the  listening  system. 
An  operator  experienced  in  the  use 
of  the  converter  can  determine  the 
bearing  of  a  signal,  under  favorable 
conditions,  with  an  accuracy  of  bet¬ 
ter  than  1.5  degrees. 

The  flexibility  of  the  JP  sonar  and 
its  ability  to  bring  the  actual  sound 
of  the  signal  into  the  submarine,  to¬ 
gether  with  its  range  and  high  ac¬ 
curacy  of  tracking,  made  it  a  major 
contribution  to  the  success  of  Ameri¬ 
can  submarines  during  the  war. 

Important  contributions  to  the  suc¬ 
cess  of  the  JP  sonic  apparatus  were 
made  by  H.  C.  Williams,  J.  W.  Hor¬ 
ton,  T.  E.  Shea,  F.  P.  Herrnfeld,  W. 
B.  Snow,  D.  P.  Loye,  R.  Chapman, 
R.  H.  Griffin,  M.  T.  Rodger,  and  the 
late  A.  L.  J'huras. 


Supersonic  Convortor 

The  supersonic  converter  is  shown 
in  block  form  in  Fig.  11  and  the  com¬ 
plete  schematic  in  Fig.  12.  It  con¬ 
tains  five  6SJ7  pentodes,  one  as  an 
amplifier  and  two  each  as  oscillators 
and  mixers.  The  first  conversion 
uses  a  local  oscillator  frequency  tun¬ 
able  over  the  range  of  102  to  154  kc, 
so  that  any  signal  in  the  8  to  65  kc 
input  range  of  the  instrument  will 
produce  a  difference  frequency  be¬ 
tween  89  and  94  kc.  The  second  local 
oscillator  is  tuned  to  94  kc,  so  that 
the  final  difference  frequency  will  be 
in  the  audible  band  below  5  kc.  The 
various  filters  restrict  the  response 
of  the  system  to  the  desired  range. 

The  oscillator  voltages  from  the 
electron-coupled  oscillators  are  in¬ 
jected  at  the  suppressor  grids  of  the 


MIXER 


!  WfVT- 
!  TRWISFORMER^ij 
j  8-€S 

HYDROPHONE  ' 

:  WtNDtN(» 


*  94  KC  '  V'' 


OSCILLATOR 
I02-I54  KC 


FIG.  1 1 — Block  diagram  of  suporsonic  conTorter  vuiod  to  heterodyne  supersonic  siqnols 
in  the  range  from  8  to  65  kc  down  to  the  audible  bond  below  5.000  cycles 


FIG.  12  (below) — Circuit  diagram  of 
supersonic  conTerter 
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fuze  may  be  realized  from  Fig.  1,  in 
which  it  is  shown  alongside  a  6L6G 
radio  tube.  The  cross-section  view 
shows  a  portion  of  an  electronic  con¬ 
trol  circuit  constructed  according  to 
the  new  principle.  Completely  self- 
contained  with  radio  transmitter- 
receiver,  control  circuits,  safety  de- 

The  development  of  the  tiny  gen-  proving  efficiency  of  many  types  vices  and  a  turbo-generator  power 

erator-powered  radio  proximity  of  electronic  devices.  Outstanding  supply,  the  fuze  was  designed  to  with- 

f uze  for  the  U.  S.  Army’s  mortar  among  these  is  perfection  of  a  stand  a  set-back  force  of  10,000  times 

shells  resulted  in  several  new  proc-  method  of  printing  wiring  and  cer-  that  of  gravity.  The  limited  space 

esses  and  techniques  which  promise  tain  components  on  a  ceramic  surface,  requirements  for  the  control  circuit, 

to  do  much  in  reducing  size  and  im-  The  diminutive  size  of  the  mortar  coupled  with  the  necessity  of  rugged- 


FIG.  1 — Comparison  ol  tiniest  mortar  VT  f\ue  with  standard  6L6G  radio  tube,  cmd 
cross-section  oi  fuze.  Arrow  points  to  printed  ceramic  electronic  control  circuit 


FIG.  2 — Top  and  bottom  views  oi  two-stoge  amplifier  constructed  according  to  present  practice  and  (below)  by  new  printed 

ceramic  technique  developed  for  use  with  subminiature  tubes 
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Electronic  Circuits 


Silk  screen  (oboTe)  mounted  ready  for  use, 
<Ad  iig  (right)  for  holding  screen  and 
steatite  plate  during  printing.  Design  has 
jut  been  printed  on  the  plate  by  forcing 
>ilYer  solution  through  the  screen  with  a 
neoprene  bar,  and  the  printed  plate  has 
been  lowered  out  of  contact  with  the  screen 


First  details  of  new  technique  for  printing  wiring  directly  on  a  steatite  chassis  block  with 
silver  solution  by  a  silk  screen  process,  then  spraying  on  resistors  through  masks.  This 
method  makes  possible  the  mass  production  of  ultracompact  amplifiers  and  radio  sets 


ness  in  design,  led  to  the  adoption  of 
the  printed  ceramic  method. 

With  the  resumption  of  peacetime 
activity,  the  new  circuit  wiring  proc¬ 
ess  promises  to  have  wide  use  in  such 
applications  as  pocket  radios,  per¬ 
sonal  telephones,  miniature  hearing 
aids,  meteorological  instruments,  and 
miscellaneous  electronic  control  cir¬ 
cuits.  A  typical  example  of  its  use 
is  seen  in  Fig.  2,  in  which  a  two- 
stage  audio  amplifier  constructed  on 
this  principle  is  compared  with  one 
made  according  to  present  table- 
model  radio  practice. 

Essentially  the  process  consists  of 
the  following  four  techniques:  (1) 

Printing  or  stencilling  the  circuit 
wiring  (using  silver  paint)  onto  a 
suitable  chassis  or  base  material  ^ — Circuit  and  response  characteristics  of  two-stage  audio  amplifier  used  os 

’  example  illustrating  the  adTOntages  of  the  printed  ceramic  technique 


such  as  a  plate  of  steatite ;  (2)  the  silvered  wiring  on  the  plate ;  (4) 
Spraying  the  resistors  in  the  form  Soldering  other  components  such  as 
of  a  carbon  and  resin  mixture,  onto  tubes  into  appropriately  located  and 
the  plate  through  positioning  masks  silvered  holes  in  the  ceramic.  Used 
that  locate  them  between  appropriate  with  the  newly  developed  subminia- 
silvered  end  tabs;  (3)  Attaching  ture  tubes,  the  electronic  circuit  as- 
small  disc-type  capacitors,  consisting  sembly  made  possible  by  this  process 
of  a  high-dielectric-constant  ceramic  is  extremely  compact, 
with  both  faces  silvered,  directly  to  Figure  3  shows  the  circuit  and  the 


gain-frequency  characteristic  for  the 
printed  amplifier  of  Fig.  2.  The  re¬ 
sponse  is  identical  to  that  of  ordinary 
circuits.  This  is  to  be  expected,  as 
basically  the  components  of  this  cir¬ 
cuit  are  resistors,  capacitors,  and 
tubes  just  as  in  the  standard  circuits. 

Although  an  audio  circuit  is  de¬ 
scribed,  the  method  is  adaptable  to 
high  as  well  as  low. frequencies.  In 
fact,  the  reduced  size  of  the  compo¬ 
nents  and  assembly  allows  very  ef¬ 
ficient  ultrahigh-frequency  circuits 
to  be  constructed  in  a  limited  amount 
of  space.  At  very  high  and  ultrahigh- 
frequencies  small  circular  or  rect¬ 
angular  spiraled  coils  may  be  printed 
flat  on  the  ceramic  surface  in  the 
same  fashion  as  the  wiring  leads, 
using  silver  paint.  It  is  possible  to 
obtain  Q  values  of  150  to  200  and 
even  higher  if  desired. 

The  method  is  adaptable  also  to 
attenuators,  filters,  corrective  net¬ 
works  and,  in  general,  any  low-power 
electric  circuit.  In  circuits  requiring 
the  use  of  tubes,  subminiature  tubes 
now  on  the  market  are  ideal.  These 
inch-size  tubes,  which  played  a  prin¬ 
cipal  part  in  the  development  of  prox¬ 
imity  fuzes,  are  not  only  small  but 
rugged  and  efficient.  Filament  drain 
is  exceedingly  low.  Typical  char¬ 
acteristics  of  Raytheon  subminia- 


Soldering  ol  subminiature  tube  leads  to  a 
printed  ceramic  chassis.  Ceramic  copad- 
tor  discs  in  foreground  are  also  soldered 
to  the  steatite 

ture  tubes  as  used  in  printed  elec¬ 
tronic  circuits  are  shown  in  Table  I. 

Although  the  compactness  of  the 
method  was  the  most  important  fac¬ 
tor  in  its  application  to  the  VT  fuse, 
other  equally  important  and  desirable 


characteristics  are  the  uniformity 
of  finished  assemblies  both  in  ap¬ 
pearance  and  performance,  high  pro¬ 
duction  speed,  and  ease  of  circuit 
checking.  Uniformity  is  obtained 
since  each  circuit  is  an  exact  repro¬ 
duction  of  the  master  pattern.  High 
production  speed  is  obtained  by. the 
screening  and  spraying  operations, 
which  combine  in  a  few  fast  me¬ 
chanical  operations  the  former  opera¬ 
tions  of  cutting  wires  to  length  and 
soldering  wires  and  resistors  into 
place. 

Because  of  its  two-dimensional  na¬ 
ture  and  the  open  method  of  con¬ 
struction,  circuits  constructed  by  this 
new  process  lend  themselves  to  rapid 
circuit  tracing  and  repair.  Faulty 
components  such  as  resistors  and 
capacitors  which  are  on  the  chassis 
can  be  repaired,  if  desired,  by  solder¬ 
ing  a  conventional  component  of 
equivalent  value  across  each  faulty 
part  and  opening  the  circuit  leading 
to  the  fault. 

DatoiU  of  ContractioB 

Six  stages  in  the  evolution  of  the 
printed  ceramic  circuit  are  portrayed 
in  Fig.  4.  The  base  material  most 
commonly  used  is  steatite,  a  hard, 
dense,  porcelain-like  ceramic  mate¬ 
rial.  Like  porcelain,  steatite  is 


FIG.  4 — ^ET^utkm  of  o  printod  oloetroalc  drcnit  Bhowing  tho  amount  of  powder  noodod  to  proM  on#  etoatito  plato,  tho  proMod 
but  unfirod  plot#,  tho  firod  plato  (showing  shrinkogo),  drcnit  wiring  applied  through  silk  screen  and  fired  on,  resistors  sprayed 

on,  and  the  final  assembled  unit 
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TABLE  I.  Typical  Characteristics  ol  Subminiature  Tubes  Used  in  Printed 

Electronic  Circuits 


Electrical 

Characteristics 

CK- 

505AX 

Pentode 

Voltage 

Ampli¬ 

fier 

Type 

CK- 

503AX 

Pentode 

Output 

Type 

2E  31 

2E  32 
Pentode 
Shielded 
R-FType 

2E  41 

2E  42 
Diode- 
Pentode 

j 

2G21» 
2G  22’ 1 
Triode- 
Heptode 

CK. 

509AX 

Triode 

Voltage 

Ampli-| 

fier 

Type 

Filament  voliase  in  d-c  volts 

0.625 

1.25 

1.25 

1.25 

1.25 

0.625 

Filament  current  in  ma 

30 

45 

50 

30 

50 

30 

Plate  voltage  in  volts 

30 

45 

22.5 

22.5 

22.5 

45 

Screen  voltage  in  volts 

30 

45 

22.5 

22.5 

22.5 

— 

Control  grid  voltage*  in  volts 

0 

-4.5 

0 

0 

0 

0 

Peak  a-f  grid  voltage  in  volts 

4.5 

— 

— — 

Transconductance  in  jumhos 

175 

500 

500 

400 

60  (Gc) 

160 

Plate  resistance  in  megohms 

1 

0.12 

0.35 

0.25 

0.5** 

0.15 

Plate  current  in  ma 

0.15 

1.25 

0.35 

0.4 

0.2 

0.15 

Screen  current  in  ma 

0.05 

0.4 

0.3 

0.15 

0.3 

— 

Load  resistance  in  megohms 

1 

0.03 

— 

— 

1 

Screen  resistance  in  megohms 

3 

0 

_ 

— 

— 

Power  output  in  milliwatts 

25 

— 

— 

— 

Voltage  gain 

35 

— — 

— 

— 

16 

Distortion,  percent 

10 

--  -- 

- 

— 

Max.  grid-plate  capacitance 

0.018 

0.10 

0.065*** 

in  nfif 

Oscillator  plate  voltage  in 

— 

— 

— 

— 

22.5 

— 

volts 

Oscillator  plate  current  in  ma 

• 

1.0 

formed  by  various  methods  of  ex¬ 
truding,  pressing,  or  casting  to  a 
predetermined  larger  size  and  then 
dried  and  fired  at  almost  white-heat 
temperatures  to  shrink  and  vitrify 
it  to  its  final  form. 

Preparatory  to  fabricating  to 
shape,  the  carefully  selected  and 
ground  talc  is  thoroughly  mixed  with 
small  percentages  of  clays,  fluxes, 
and  organic  binders  in  large  muller 
mixers.  Water  is  added  and  the 
batch  is  worked  to  a  uniformly  plas¬ 
tic  condition. 

The  pieces  are  pressed  to  the  de¬ 
sired  form  by  either  a  dry  or  wet 
press  process.  The  dry  press  method, 
which  lends  itself  to  more  rapid  and 
automatic  pressing,  is  used  whenever 
possible.  However,  the  more  complex 
pieces  are  of  necessity  wet-pressed  to 
obtain  satisfactory  flow  of  materials 
to  the  various  parts  of  the  mold.  Ma¬ 
terial  is  prepared  for  pressing  by  dis¬ 
integrating  a  wet  batch  into  small 
granular  particles  by  use  of  high¬ 
speed  hammer  mills.  For  wet  press¬ 
ing  it  is  used  in  this  form  and 
pressed  in  molds  at  pressures  of  one- 
half  to  two  tons  per  square  inch.  For 
dry  pressing,  the  granulated  mate¬ 
rial  is  dried  and  screened  for  use  and 
pressed  in  molds  at  pressures  be¬ 
tween  five  and  ten  tons  per  sq  in. 


FIG.  5 — ^Front  otnd  back  patterns  lor  wiring 
of  printed  amplifier 
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The  pieces  thus  formed  are 
sprayed  or  dipped  with  glass-forming 
materials  on  any  surface  which  is  to 
be  glazed,  and  fired  through  continu¬ 
ous  tunnel  kilns  to  temperatures  ap¬ 
proximating  2400  degrees  F.  After 
this  treatment  they  are  no  longer  soft 
and  easily  machinable,  but  have  a 
hardness  approaching  that  of  sap¬ 
phire.  In  certain  instances  where 
more  exacting  dimensional  require¬ 
ments  have  to  be  met  than  can  be 
held  by  careful  control  of  the  fabrica¬ 
tion  processes,  thpse  dimensions  are 
wet  ground  to  exact  size  on  large 
carborundum  discs  or  diamond 
wheels. 

Applieatiea  of  Silver  WIrlog 

The  leads  between  components  are 
applied  by  a  process  in  which  the 
silver  is  intimately  bonded  to  the 
ceramic.  The  silver  is  in  the  form 
of  a  paint  or  paste.  Very  finely  di¬ 
vided  metallic  silver  or  silver  oxide  is 
uniformly  dispersed  in  a  suitable  ve¬ 
hicle,  and  the  consistency  is  adjusted 
with  solvents  to  meet  requirements 
for  the  specific  type  of  application. 
The  degree  of  bonding  or  adherence 
of  the  fired  silver  to  the  ceramic 
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surface  is  largely  dependent  on  the 
surface  condition  of  the  ceramic  be¬ 
fore  application  of  the  silver  paint 
or  paste.  Therefore,  the  ceramic  sur¬ 
face  must  be  free  of  dust,  dirt, 
grease,  or  other  contaminants. 

The  method  most  commonly  used 
for  circuit  reproduction  is  a  screen¬ 
ing  process  in  which  the  silver  paint 
is  dispersed  through  the  open  mesh 
of  a  silk  or  metal  screen  arranged  as 
a  mask  to  define  the  circuit.  This 
makes  it  possible  to  print  circuits  of 
any  degree  of  complexity.  Compli¬ 
cated  designs  can  be  held  to  very 
close  tolerances.  The  deposited  or 
printed  film  thickness  is  very  uni¬ 
form  and  little  silver  paint  is  wasted. 

For  best  results  a  genuine  Swiss 
silk  is  used  for  the  screen.  The  mesh 
size  of  the  silk  is  dependent  on  the 
fineness  of  design  desired  and  the 
characteristics  of  the  paint  vehicle. 
The  silk  is  stretched  tightly  on  a 
wooden  frame  and  coated  with  a  ma¬ 
terial,  such  as  gelatin  or  polyvinyl 
alcohol,  which  is  capable  of  becoming 
photosensitive  when  3ensitized  with 
potassium  dichromate.  A  photo¬ 
graphic  positive  is  held  tightly 
against  the  sensitized  silk  screen  and 
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exposed  to  light.  The  portions  of  the 
sensitized  coating  exposed  to  light 
become  insoluble  in  water.  Those  por¬ 
tions  which  are  not  exposed  to  light 
are  water  soluble  and  wash  out.  The 
parts  that  wash  out  form  the  design 
of  the  pattern  to  be  printed.  Front 
and  back  patterns  for  the  wiring  of 
the  amplifier  of  Fig.  2  are  shown  in 
Fig.  5. 

The  next  step  is  to  place  the  paste 
on  one  end  of  the  top  surface  of  the 
screen.  The  ceramic  to  be  painted  is 
brought  into  contact  with  the  op¬ 
posite  or  bottom  surface  of  the 
screen.  A  neoprene  bar  is  moved 
across  the  top  surface  of  the  silk, 
forcing  the  silver  paint  ahead  and 
through  the  open  mesh  of  the  screen 
pattern.  The  paint  forced  through 
the  open  mesh  is  deposited  on  the 
ceramic  plate  in  a  design  which  con¬ 
forms  identically  to  that  of  the  screen 
pattern. 

After  applying  the  silver  to  the 
ceramic,  the  parts  are  placed  in  a 
furnace  and  heated  to  a  temperature 
between  1300  and  1500  F.  This  tem¬ 
perature  removes  the  vehicle  and 
solvents,  and  intimately  bonds  the 
silver  to  the  ceramic.  Properly  fired 
silver  has  the  dull  metallic  appear¬ 
ance  of  typical  silver  color  and  will 
adhere  to  the  ceramic  surface  with 
a  tensile  strength  of  approximately 
3000  pounds  per  square  inch. 

Rcsistering 

The  process  of  resistoring  involves 
the  application  of  an  accurately  con¬ 
trolled  amount  of  resistance  paint  to 
the  ceramic  surface.  The  paint  con¬ 
sists  of  a  conducting  material,  a  filler 
or  inert  material,  and  a  vehicle  or 
binder.  By  varying  the  quantities  of 
these  ingredients,  paints  covering  a 
resistance  range  from  3  ohms  to  200 
megohms  may  be  obtained.  Other  de- 
desired  electrical  and  physical  char¬ 
acteristics,  including  good  adhesion 
to  the  ceramic  surface,  are  also  ob¬ 
tained  by  the  proper  formulation  of 
the  three  components. 

The  paint  is  applied  by  a  spray 
process.  The  size  and  position  of  the 
resistors  are  governed  by  suitable 
masks  which  have  good  adhesion  to 
the  ceramic  surface.  After  air  dry¬ 
ing,  the  masks  are  removed  and  the 
paint  is  cured  in  an  oven  at  300®  F 
for  several  hours  to  produce  stable 
resistors.  A  special  resin  coating  is 
applied  to  the  resistors  to  protect 


FIG.  6 — Eifect  of  temperature  on  sprayed 
resistors 


FIG.  7 — ^Effect  of  temperature  on  ceramic 
disc  capacitors  employing  titonotes  os  di< 
electrics 


them  against  humidity  and  other 
effects. 

Resistance  stability  with  time, 
under  load  or  under  extreme  humid¬ 
ity  conditions,  is^  good.  When  ex¬ 
posed  for  100  hours  in  95  percent 
relative  humidity  at  110  F,  the  aver¬ 
age  resistance  change  was  minus  10 
percent  for  values  in  the  range  of  5 
ohms  to  10  megohms.  This  was  not  a 
permanent  change,  as  the  original 
values  were  obtained  on  suitable  dry¬ 
ing. 

Caranie  Disc  Capacitors 

The  ceramic  disc  capacitors  are 
molded  from  high-dielectric-constant 
mixtures  of  titanates.  Capacitance  is 
controlled  by  the  mix,  the  thickness 
of  the  disc,  and  the  area  of  the  silver¬ 
ing  on  the  faces.  Dielectric  constants 
of  40,  100,  1000,  and  2000  are  used 


for  capacitors  ranging  in  value  from 
6.5  to  2000  fifxi.  These  capacitors  are 
from  i  inch  to  I  inch  in  diameter 
and  20  to  40  mils  thick.  Higher  di¬ 
electric  constant  materials  than  de¬ 
scribed  have  been  used,  but  these  are 
still  in  the  experimental  stage. 

Soldering  to  Metollisod  Ceramic 

External  leads,  such  as  tube  leads 
or  leads  from  separate  resistor  or 
capacitor  components,  may  be  sold¬ 
ered  to  the  silver  wiring  on  the  plate, 
providing  a  solder  having  about  2 
percent  silver,  to  saturate  against 
further  absorption  of  silver,  is  used. 
The  ceramic  disc  capacitors  are  sold¬ 
ered  to  the  plate  with  a  low-tempera¬ 
ture  bismuth  solder.  The  low-tem¬ 
perature  solder  minimizes  the  possi¬ 
bility  of  fracturing  the  ceramic  dur¬ 
ing  soldering. 

EfFacts  of  Tomparatnro 

Variations  in  resistance  and  capac¬ 
itance  values  with  temperature  for 
several  common  values  of  components 
are  shown  in  Fig.  6  and  7.  The  per¬ 
formance  is  comparable  to  that  of 
standard  components.  Improvements 
in  techniques  to  be  expected  with 
wide  use  of  the  process  make  prob¬ 
able  even  superior  performance  to 
that  obtainable  with  ordinary  t3T)e 
components. 

CorcInsIom 

In  addition  to  the  advantages  de¬ 
lineated  above,  other  features  of  this 
method  of  manufacture  are  apparent 
Amplifier,  filter,  or  other  control  cir¬ 
cuit  assemblies  may  be  printed  on 
small  ceramic  blocks  and  plugged 
into  a  main  chassis.  Replacements 
can  then  be  made  in  the  same  manner 
as  a  tube  is  now  changed.  Further¬ 
more,  any  tampering  with  a  circuit 
by  inexperienced  personnel  is  imme¬ 
diately  apparent.  Although  ordinary 
resistors  or  capacitors  may  be  sold¬ 
ered  across  the  printed  components, 
the  change  is  clearly  visible. 

This  article  is  based  on  work  car¬ 
ried  out  jointly  by  the  Centralab  Di¬ 
vision  of  Globe  Union  Inc.  and  the 
Ordnance  Development  Division  of 
the  National  Bureau  of  Standards 
under  the  direction  of  Harry  Dia¬ 
mond.  The  work  was  accomplished 
under  development  contracts  with 
Division  4,  N.D.R.C.  under  Dr.  Alex¬ 
ander  Ellett,  leading  to  production 
contracts  by  the  Army  Ordnance 
Department. 
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COLOR  TELEVISION 
On  Ultra  High  Frequencies 

G)lor  images  broadcast  on  490  me  in  recent  CBS  demonstrations  show  great  improvement 
over  1940  tests.  New  system  uses  10-mc  video  band  to  carry  525-line  signal,  transmits  sound 

by  f-m  bursts  interspersed  with  the  video  information 


After  an  interlude  of  five  years 
k  occasioned  by  the  war,  the  Col¬ 
umbia  Broadcasting  System  has  re¬ 
sumed  development  of  the  color  tele- 


Rear  Ti«w  of  tho  modulator.  Video  stages 
®®cupy  second  and  third  racks  from  top. 
Remaininq  racks  are  power  supplies 


vision  system  last  demonstrated  to  per  second.  Each  field  is  scanned  and 
the  press  in  September  1940.  Several  reproduced  in  succession  through  a 
radical  departures  have  been  intro-  different  primary  color  in  the  filter 
duced  in  the  latest  version  of  the  wheel.  The  three  colors  are  thus  pre¬ 
system,  aimed  primarily  at  improv-  sented  to  the  viewer  in  l/40th  of  a 
ing  the  detail  of  the  images,  and  second.  The  persistence  of  vision  ex- 
secondarily  at  improving  the  color  tends  for  a  longer  period  than  this, 
quality.  The  method  of  introducing  so  the  three  colors  fuse  in  the  mind 
the  color  to  the  signal  remains  the  of  the  observer  and  a  multicolored 
same.  A  mechanically-driven  color  reproduction  results, 
wheel,  composed  of  trichromatic  filter  The  principal  shortcomings  of  the 
segments,  rotates  before  the  camera  images  in  1940  were  low  definition, 
and  a  similar  wheel  rotates  synchro-  343  lines  compared  with  525  lines  in 
nously  in  front  of  the  picture  tube  the  standard  black-and-white  images, 
in  the  receiver.  This  method  of  trans-  and  occasional  difficulties  in  the  ren- 
mission  was  reported^*  *.  in  Elec-  dition  of  certain  colors,  particularly 
TRONics  and  elsewhere  in  1940  and  the  dark  shades.  Both  definition  and 
1942.  color  have  been  considerably  -im-  i 

The  color  images  in  the  present  proved  in  the  equipment  recently  ii 

system  are  scanned  in  525  lines,  in-  demonstrated  to  the  press.  Details  ji 

terlaced  2-to-l,  and  the  interlaced  of  the  new  equipment  were  described  j 

fields  are  scanned  at  a  rate  of  120  before  the  IRE  Winter  convention 

|l 

Front  Tiow  of  transmittor.  Tho  largo  tiso  is  roqidrod  to  proTido  sufficiont  r-f  and  |- 

▼idoo  stagos  to  rooch  1-kw  poak  output  modulatod  OTor  10-mc  bond 
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and  the  sidebands  extend  from  480 
to  496  me,  or  16  me  overall.  The  re¬ 
ceiver  i-f  bandpass  characteristic  at¬ 
tenuates  the  transmitter  carrier  by 


by  Messrs.  Goldmark,  Reeves,  Schles- 
inger,  Serrell,  and  Lyman  of  the 
CBS  Engineering  Staff. 

ChaagM  to  Improve  Delleltioe 

To  improve  the  definition  of  the 
images.  Dr.  Goldmark  and  his  staff 
elected  to  increase  the  number  of 
lines  to  525,  the  value  now  used  in 
black-and-white  systems.  Since  twice 
as  many  pictures  are  transmitted  per 
second  in  the  color  system  as  in  the 
monochrome  system,  the  bandwidth 
required  is  twice  as  great  for  the 
same  number  of  lines.  The  maximum 
video  frequency  in  the  black-and- 
white  system  is  about  4  me,  so  the 
corresponding  figure  for  color  would 
be  8  me.  The  figure  adopted  for  the 
CBS  system  is  10  me,  an  increase 
which  improves  the  resolution  in  the 
horizontal  dimension  relative  to  the 
standard  black-and-white  picture. 

When  10  me  is  adopted  as  the  max- 
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FIG.  1 — Proposed  uhi  channel,  emploring 
vestigial  sideband  transmission  over  a  16- 
me  bond.  Sight  and  sound  signals  ore 
.  transmitted  on  the  some  carrier 


imum  video  frequency,  space  cannot 
be  found  for  r-f  sidebands  in  the 
vhf  television  band  (54  to  216  me). 
For  this  reason,  among  others,  CBS 
decided  to  enter  the  uhf  experimental 
television  band  (480  to  920  me) .  The 
channel  proposed  for  use,  shown  in 
Fig.  1,  is  similar  in  form  to  the 
.vhf  standard,  i.e.  vestigial  sideband 
transmission  and  reception.  The 
transihitter  carrier  is  set  at  485  me. 
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FIG.  2 — Block  diagram  of  the  transmitter,  showing  frequency  and  power  transforma¬ 
tions  and  voltage  gains  in  the  modulator.  The  6C22  r-f  tube  is  a  water-cooled 

disk-seal  type 


2  to  10  times  higher  and  the  band¬ 
width  is  2  to  3  times  wider. 

The  sideband  filter  required  to  re¬ 
move  the  lower  sideband  has  not  yet 
been  completed  by  CBS,  so  double 
sideband  operation  was  used  during 
the  demonstrations.  To  keep  within 
the  band,  the  carrier  was  set  at  490 
me  and  the  sidebands  extended  10  me 
either  side.  The  additional  sideband 
energy  radiated  in  the  lower  side¬ 
band,  relative  to  the  characteristic 
in  Fig.  1,  has  no  effect  on  the  receiver 
operation  which  remains  as  shown, 
with  the  50  percent  level  shifted  to 
490  me. 

To  design  a  transmitter  capable 
of  radiating  substantial  power  at  this 
frequency,  while  being  modulated 
over  a  10-mc  bandwidth  was  a  task 
of  large  magnitude.  The  transmitter 
was  designed  and  built  by  the  Federal 
Telephone  and  Radio  Corp.,  using 
as  its  essential  component  a  water- 
cooled  disk-seal  triode,  type  6C22. 
The  transmitter  meets  the  specifica¬ 


tion  with  a  power  output  of  1  kilo¬ 
watt  peak  or  600  watts  average.  The 
block  diagram  is  shown  in  Fig.  2. 
The  r-f  chain  consists  of  eight  stages, 
a  crystal  tritet,  two  triplers  and  two 
doublers  with  three  linear  amplifiers, 
interspersed  as  shown.  The  last  four 
stages,  including  the  final  grid  mod¬ 
ulated  amplifier  use  the  new  tube. 
The  frequency  and  power  transfor¬ 
mations  of  each  stage  are  shown. 

The  video  modulating  chain  uses 
five  stages,  each  conductively  coupled 
so  that  all  frequencies  from  d-c  to 
10  me  are  passed  with  constant  am¬ 
plitude  and  time  delay.  The  voltage 
gains  attainable  over  this  band  are 
not  large,  ranging  from  3  to  7  times 
depending  on  the  tube  type  used.  The 
video  couplings  are  of  the  compen¬ 
sated  filter  type,  both  four-terminal 
and  two-terminal  networks  being 
used.  A  2-volt  peak  to  peak  input 
videp  signal  is  capable  of  modulating 
the  final  amplifier  to  its  peak  output 
of  one  kilowatt. 


Synchronixotion  monitor  for  kooping  tabs  on  complox  wavofonns  throughout  video 
^  systum.  Thirty-two  pushbuttons  pormit  rapid  solsction  of  vcoious  signals 


dO  percent  and  thus  restores  equal 
amplitude  to  all  video  frequencies  at 
the  output  of  the  receiver  second  de¬ 
tector.  All  this  is  identical  to  present 
black-and-white  practice  except  that 
the  radio  frequencies  are  roughly 
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FIG.  3 — Video  waTeform  used  in  the  CBS  system.  The  sound  is  tran  smitted  by  an  8-mc  subcarrier  radiated  during  the  horixontal  retrace 

time.  Color  pulses  are  inserted  to  synchronise  the  color  wheel 


The  power  output  of  the  trans-  strength  at  ground  level  is  theo- 
mitter  is  multiplied  20  times  by  the  retically  constant  at  all  points  out 
radiator.  The  radiation  pattern  is  to  the  horizon.  The  horizontal  pat- 
highly  directional  in  the  vertical  tern  of  each  antenna  panel  extends 
plane,  produced  by  a  slotted  wave-  theoretically  over  180  degrees.  The 
guide  structure  which  compresses  actual  horizontal  coverage  has  not 
the  radiated  signal  into  a  vertical  yet  been  investigated,  but  it  is  ex¬ 
angle  of  6  degrees,  while  delivering  pected  that  only  a  slight  loss  in  gain 
a  signal  of  substantially  constant  is  experienced  in  the  east  and  west 
magnitude  over  the  360  degrees  of  directions.  Each  panel  has  a  power 
the  horizon.  To  compress  the  beam  gain  of  40,  the  transmitter  power 
to  6  degrees  requires  a  radiator  sur-  being  split  between  the  two,  result- 
face  about  10  wave-lengths  long,  ing  in  an  effective  radiated  power  of 
Fortunately  this  is  not  impractical  20  kilowatts, 
at  490  me.  The  antenna  consists  of 

two  waveguide  panels,  each  18.5  feet  So««d  oa  Sam*  Carrier 

high  and  2  feet  wide.  These  panels  The  numerical  constants  employed 
are  mounted  on  the  north  and  south  in  scanning  make  possible  the  trans¬ 
faces  of  the  Chrysler  Building  in  mission  of  the  sound  signal  and  the 
New’  York  and  the  beam  is  so  ori-  picture  signal  on  the  same  carrier, 
ented  in  elevation  that  the  field  Since  the  525-line  picture  is  com¬ 


pletely  scanned  (two  fields)  in  l/60th 
of  a  second,  the  line  scanning  fre¬ 
quency  is  525  X  60  =  31,500  cps.  It 
has  been  appreciated  for  some  time 
that  the  inactive  time  during  the  re- 


FIG.  4 — R-f  and  Tideo  signal  componants 
oi  the  receiTer.  A  crystal  mixer  and  six  i*i 
stages  (at  left  of  center)  ore  used,  and 
8-microTolt  sensitiTity  is  achieved 


Exploded  riew  of  the  coaxial  final  ompH- 
fier  of  the  transmitter.  Type  6C22  amplifier 
tube  is  at  top  left 
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trace  of  the  scanning  line  might  be 
used  for  transmitting  the  sound  on 
the  picture  carrier.  But  the  max¬ 
imum  audio  frequency  which  can 
be  transmitted  without  serious  dis¬ 
tortion  in  such  a  system  is  limited  to 
not  more  than  one  half  the  line-scan¬ 
ning  frequency.  In  practice,  distor¬ 
tionless  transmission  can  be  achieved 
up  to  a  value  of  about  one-third  the 
scanning  frequency,  or  in  this  case 
31,500/3  =  10,500  cps.  This  is  high 
enough  to  permit  faithful  sound 
transmission,  but  is  not  as  high  as 


the  vertical  sync  pulse  is  transmitted. 
This  differs  from  the  black-and-white 
standard  in  that  no  preparatory 
pulses  are  used,  but  the  serrated  form 
used  in  black-and-white  (interspersed 
long  pulses  and  double-frequency  line 
pulses)  is  retained. 

Below  the  black  level,  the. camera 
signal  is  sent  in  the  normal  manner. 
Immediately  following  each  hori¬ 
zontal  sync  pulse,  while  the  scanning 
spot  is  retracing,  a  burst  of  7.8-mc 
sine-wave  signal  is  inserted,  extended 
over  the  full  amplitude  of  the  black- 


FIG.  5 — ^Th*  dir«ct*vl«wing  r«c0hr«r  ddmonstrated  to  the  press.  The  screen  oi  the 
lO-inch  tube  is  magnified  to  12-inch  size.  The  shock-moimted  color-wheel  drire  makes 

Tirtaolly  no  noise 


the  15-kc  limit  specified  for  black- 
and-white  sound. 

The  video  waveform,  showing  the 
relative  position  of  sound,  video  and 
synchronization  signals,  is  shown  in 
Fig.  3.  This  diagram  is  not  unlike 
the  standard  video  waveform  of  the 
vhf  black-and-white  system,  except 
for  the  numerical  constants  and  the 
insertion  of  the  sound.  Negative 
transmission  is  employed,  that  is,  up¬ 
ward  modulation  produces  black.  In 
the  region  above  the  black  level 
standard  horizontal  synchronization 
pulses  are  sent  to  s3nichronize  each 
line.  At  the  conclusion  of  each  field. 


to-white  region,  and  lasting  for  eight 
percent  of  the  horizontal  scanning 
time.  The  7.8-mc  bursts  constitute  a 
discontinuous  subcarrier  ^which  is 
frequency  modulated  by  the  sound 
signal.  At  the  receiver  the  subcar¬ 
rier  bursts  are  selected  from  the 
video  wave  in  a  7.8-mc  tuned  circuit 
and  passed  through  an  f-m  discrim¬ 
inator  which  recovers  the  audio  fre¬ 
quencies.  The  audio  signal  contains 
distortion  products,  due  to  the  dis¬ 
continuous  nature  of  the  carrier,  ex¬ 
tending  from  15,000  cps  upward. 
These  are  eliminated  by  a  low-pass 
filter  in  the  receiver  which  removes 


all  audio  signals  above  10  kc.  The 
extension  of  the  audio  subcarrier 
into  the  picture  signal  region  would 
brighten  the  cathode-ray  beam  dur¬ 
ing  the  retrace  time,  unless  means 
are  provided  to  prevent  it.  Local 
blanking  signals  are  generated  in  the 
receiver  to  depress  the  cathode-ray 
beam  during  the  retrace  time. 

The  two  basic  advantages  of  the 
sound-on-sight  system  are:  (1)  one 
transmitter  is  required  and  (2)  the 
receiver  tuning  is  not  critical.  The 
receiver  also  is  simpler  in  that  no 
separate  sound  i-f  amplifier  is  re¬ 
quired,  but  this  advantage  is  offset 
by  the  necessity  of  providing  a  low 
pass  audio  filter  and  local  blanking 
circuits  to  remove  the  sound  bursts 
from  the  picture. 

The  video  waveform  (Fig.  3) 
shows  the  color  pulses  which  are 
used  to  synchronize  the  color  wheel 
of  the  receiver.  These  consist  of  three 
additional  horizontal  sync  pulses  in¬ 
serted  during  each  of  three  succes¬ 
sive  fields  (shown  as  c-d  and  e-f  in 
the  diagram). 

Th*  R«c*lv«n 


Two  receivers  were  demonstrated 
to  the  press,  a  direct-viewing  type 
employing  a  10-inch  picture  tube  and 
magnifier,  and  a  projection  set  using 
a  Schmitt  optical  system  to  produce  a 
17  by  22-inch  picture.  The  radio  and 
video-frequency  components,  identical 
in  the  two  sets,  are  shown  in  Fig.  4. 
The  head  end  of  the  receiver  is  a 
silicon  crystal  mixer  (no  preamplifi¬ 
cation  is  used),  which  is  continuously 
tunable  over  the  band  from  480  to 
920  me.  The  tuning  element  is  an 
extensible  transmission  line  of  un¬ 
usual  design.  Ganged  to  the  tuning 
control  is  a  tunable  r-f  filter  which 
rejects  images  and  reduces  the  noise 
spectrum.  The  local  oscillator  is  a 
6F4  acorn  triode.  The  i-f  amplifier 
consists  of  six  stages,  type  6AK5, 
operated  at  105  me  and  coupled  by 
single-tuned  circuits,  tuned  to  three 
staggered  frequencies.  The  sensi¬ 
tivity  is  such  that  the  noise  level 
(about  8  microvolts)  is  reached  at 
full  gain.  This  is  an  extremely  low 
noise  figure,  considering  that  the 
overall  i-f  bandwidth  is  12  me.  Two 
video  frequency  amplifiers  are  used, 
terminating  in  a  6AG7  tetrode. 

In  the  direct-viewing  set.  Fig.  5, 
a  22-inch  color  wheel  covers  the  face 
of  the  10-inch  tube.  The  filter  Beg¬ 


in 
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merits  have  substantially  the  same 
shape  as  those  used  in  1940,'*  ■  but 
the  filter  materials  themselves  are 
somewhat  different.  Standardized 
color  distributions,  designated  as 
Wratten  numbers  61  (green)  47 
(blue)  and  26  (red)  are  used.  One 
form  of  filter  developed  by  Kodak 
is  produced  on  an  acetate  base,  coated 
vith  the  colored  gelatine  and  pro¬ 
tected  by  lacquer.  Segments  of  this 
material  are  riveted  to  a  wheel  made 
of  transparent  plastic.  Another  filter 
is  a  true  plastic,  developed  by  Mon¬ 
santo,  the  color  extending  through¬ 
out  the  material.  Sheets  of  this  sub¬ 
stance  are  inserted  between  two 
transparent  discs,  in  the  form  of  a 
sandwich. 

One  cause  of  occasional  flicker  in 
the  1940  images  has  been  eliminated 
by  rigid  standardization  of  the  opti¬ 
cal  transmission  of  the  filter  ele¬ 
ments.  The  wheel  consists  of  six  seg¬ 
ments,  two  of  each  color.  If  the  two 
segments  in  a  given  color  (particu¬ 
larly  green,  since  this  color  contrib¬ 
utes  directly  to  the  luminosity  of  the 
image)  do  not  have  the  same  trans¬ 
mission  within  a  few  percent,  a  20- 
cycle  flicker  may  be  visible  in  areas 
having  the  same  color  as  the  filter 
segment.  The  manufacturers  of  the 
filter  materials  are  able  to  meet  the 
close  tolerances  required.  The  phos¬ 
phor  (of  neutral  white  color)  used 
in  the  cathode-ray  tube  has  also  been 
standardized  by  two  manufacturers 
( Sylvan ia  and  General  Electric).  The 
phosphor  is  of  the  aluminum-backed 
type  which  increases  the  brightness 
and  contrast  of  the  image.  The  di¬ 
rect  viewing  receiver  employs  a  mag¬ 
nifying  lens  to  increase  the  apparent 
size  of  the  image  from  10  inches  to 
12  inches.  Since  this  is  a  moderate 
degree  of  magnification,  the  angle 
over  which  the  image  is  visible  ex¬ 
tends  to  about  30  degrees  each  side  of 
the  magnifier  axis. 

The  filter  wheel  displays  an  av¬ 
erage  transmission  of  about  14  per¬ 
cent.  Since  86  percent  of  the  light  is 
absorbed,  the  phosphor  image  must 
be  very  bright.  An  accelerating  volt¬ 
age  of  8000  is  used,  obtained  from 
a  “flyback”  power  supply  which  em¬ 
ploys  the'  high  voltage  generated 
^ross  the  scanning  coils  during  the 
horizontal  retrace  periods. 

The  color-wheel  is  driven  by  a  1760- 
induction  motor,  synchronized 
by  a  type  6SN7  synchronization 


-Front  Tiew  oi  projection  receiver,  which  produces  a  17  by  22-inch  picture 
through  a  Schmitt  optical  system 


-Rear  view  oi  projection  set.  The  cup-shaped  color  wheel  is  shown  at  right 
of  projection  tube,  above  the  spherical  mirror 
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is  particularly  important  when  color 
is  transmitted.  To  avoid  ghosts  from 
reflected  signals  (which  may  also 
affect  the  quality  of  the  f-m  burst 
sound  'transmission)  a  directive 
receiver  aerial  is  considered  es¬ 
sential  for  use  in  built-up  city  dis- 
tricts. 


Receiviag  Aiit«iiiia 


FIG.  8 — The  recelring  antenna  consists  of  a  dipole  and  a  6-b7-2  foot  porabolic  reflector 
which  con  be  steered  by  remote  control.  The  fifteen-degree  beom  width  eliminates 

ghosts  from  reflected  signals 


stage  which  compares  the  incoming 
pulses  with  locally  generated  ones 
and  thereby  controls  the  speed  and 
phase  of  the  disc.  A  phase  compen¬ 
sation  circuit  is  used  to  maintain  the 
instantaneous  position  of  the  wheel 
within  a  few  degrees  of  the  correct 
value  as  it  rotates.  This  permits  full 
utilization  of  the  area  of  the  Alter 
segments.  Since  the  color  wheel  syn¬ 
chronization  is  obtained  from  the 
video  waveform,  the  phasing  of  the 
color  segments  is  automatically  se¬ 
lected  (that  is,  a  given  color  auto¬ 
matically  appears  before  the  receiver 
tube  when  that  color  is  present  before 
the  camera  at  the  transmitter). 

Since  the  fundamental  color  recur¬ 
rence  rate  of  the  system  is  120  per 
second,  which  is  twice  that  of  the 
power  frequency  of  60  cps,  precau¬ 
tions  must  be  taken  to  shield  the 
picture  tube  from  a-c  fields,  and  to 
avoid  power  supply  ripple  in  certain 
critical  circuits,  particularly  the 
scanning  generator  output  tubes. 
Such  filtering  is  not  required  in  all 
scanning  tubes,  however,  and  its  cost 
is  moderate.  The  picture  tube  shield 
is  of  the  permalloy  type. 

The  projection  receiver.  Fig.  6 
and  7,  employs  a  5-inch  projection 
tube  which  faces  downward  toward 
the  spherical  mirror  of  the  Schmitt 
optical  system,  where  the  image  is 
reflected  through  a  molded  cast-plas¬ 
tic  correction  lens.  The  color  se¬ 
quence  is  introduced  by  a  modified 
wheel  in  the  form  of  a  cup,  mounted 
to  the  side  of  the  picture  tube.  The 
filter  segments  rotate  directly  under 


the  face  of  the  projection  tube.  To 
conserve  light,  the  blue  filter  used 
has  twice  the  optical  transmission  of 
the  filter  used  in  the  direct- viewing 
receiver^  and  as  a  consequence  the 
color  gamut  is  somewhat  reduced  in 
the  projection  set.  The  projection 
color  wheel  rotates  at  600  rpm  and 
contains  12  segments,  four  of  each 
color. 

In  a  high  definition  picture  ghost 
images  must  be  minimized,  and  this 


The  antenna  used  in  the  dem¬ 
onstrations  is  a  single  dipole,  Fig. 
8,  mounted  at  the  focus  of  a  para¬ 
bolic  reflector  of  perforated  metal, 
6  feet  wide  and  2  feet  high.  The 
beam  width  is  about  15  degrees  in 
azimuth.  The  structure  is  motor 
driven  in  azimuth.  Direction  can  be 
shown  on  a  chart  by  a  remote  control 
through  a  selsyn  indicator  system. 
Excellent  ghost-free  reception  was 
obtained  on  direct  line  to  the  trans¬ 
mitter  as  well  as  by  reflected  signals 
from  the  Empire  State  building  and 
other  tall  buildings  in  the  vicinity. 
No  difficulty  was  experienced  in 
avoiding  reflections,  although  ghosts 
were  visible  when  the  beam  was 
turned  so  that  it  faced  the  wall  of 
the  CBS  building. 

Camara  aad  Pick*ap  Eqaipment 

At  present  the  CBS  equipment  is 
limited  to  pickup  from  16-mm  color 


FIG.  9 — Camara  pick-up  aqidpmant  for  16-mm  film  and  35-mm  slidas.  Tha  continuous- 
motion  proloctor  and  color  whoa}  ora  at  tha  laft.  soloctor  Ians  disc  at  center.  Image 
dissector  in  cylindrical  housing  at  right 
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film  and  35-mm  color  slides.  Work 
is  in  progress  on  a  direct  pickup 
camera  which  is  expected  to  be  ready 
for  demonstration  in  May.  The  film 
camera  tube  is  an  image  dissector,  a 
tube  ideally  suited  because  it  has  no 
storage  and  hence  does  not  carry  over 
stored  charge  on  the  unscanned  in¬ 
terlaced  lines  from  one  color  segment 
to  the  next.  The  tube  has  low  sensi¬ 
tivity,  however,  and  requires  cor¬ 
respondingly  great  illumination — too 
great  to  permit  direct  pickup.  The 
direct  equipment  will  employ  an  or- 
thicon  storage-type  tube.  The  film 
images  are  scanned  in  a  continuous- 
motion  projector  by  passage  through 
five  statio-.ary  lens  elements.  A  se¬ 
lector  disc  permitting  light  to  pass 
through  one  lens  at  a  time,  Fig.  9, 
introduces  a  shift  in  the  optical  axis 
to  counterbalance  the  motion  of  the 
film. 

A  block  diagram  of  the  pickup  and 
associated  sync  equipment  is  shown 
in  Fig.  10.  The  signal  output  from 
the  dissector,  after  passage  through 
the  video  preamplifier,  is  passed  to 
a  video  amplifier  and  gamma  control. 
The  latter  is  a  non-linear  amplifier 
which  compensates  for  the  curvature 
in  the  dynamic  transfer  character¬ 
istic  of  the  remainder  of  the  system, 
including  the  receiver  picture  tube. 
After  passage  through  this  gamma 


control  amplifier,  the  signal  has  such 
a  form  that  the  light  output  in  the 
receiver  picture  tube  is  a  linear  func¬ 
tion  of  the  light  input  to  the  dis¬ 
sector  tube,  that  is,  the  gamma  is 
unity.  This  is  a  new  departure  which 
has  greatly  improved  the  ability  of 
the  system  to  render  dark  shades,  as 
well  as  to  maintain  color  balance  over 
a  wide  range  of  illumination.  The 
gamma  control  has  the  property  of 
maintaining  a  fixed  output  amplitude 
regardless  of  changes  in  the  curva¬ 
ture  introduced.  The  gamma  control 
is  applied  simultaneously  to  all  three 
colors.  A  separate  gamma  character¬ 
istic  for  each  color,  introduced  in  se¬ 
quence,  has  theoretical  advantages 
but  has  not  proved  necessary  in  prac¬ 
tice. 

After  emerging  from  the  gamma 
control  the  camera  signal  is  mixed 
with  the  other  portions  of  the  video 
waveform  (sync  and  .sound  f-m 
bursts  in  accordance  with  Fig.  3. 
Monitoring  facilities  are  provided  at 
the  outputs  of  the  sync  generator 
(waveforms  viewed),  the  gamma 
control  (image  viewed  in  black  and 
white),  and  the  mixer  amplifier 
(image  viewed  in  color).  The  rela¬ 
tive  amplitudes  of  the  camera  signals 
produced  in  the  three  colors  are 
varied  by  the  color  mixer.  This  is 
an  improved  version  of  the  color  mix¬ 


ing  equipment  used  in  1940.  The 
1940  mixer  employed  20  tubes  and 
occupied  three  chassis  of  equipment. 
The  new  mixer  is  purely  mechanical 
in  operation  and  occupies  less  space 
than  a  6-inch  cube.  The  image 
pickup,  synchronization  and  sound- 
on-sight  equipment  is  now  being  pro¬ 
duced,  following  CBS  designs,  by  the 
Westinghouse  Electric  Corp. 

The  system  just  described  trans¬ 
mits  excellent  color  pictures.  The  in¬ 
trinsic  definition  of  the  pictures  is 
better  than  the  525-line  black-and- 
white  pictures  by  virtue  of  the  more 
than  proportionally  wide  band  used 
and,  of  course,  the  apparent  defini¬ 
tion  is  greatly  enhanced  by  the  color 
contrasts  present  in  the  image.  From 
this  standpoint  the  images  are  per¬ 
haps  the  best  television  pictures  yet 
produced.  Further  work,  to  investi¬ 
gate  the  coverage  properties  of  the 
uhf  signal  and  to  develop  direct 
pickup  equipment  of  equally  high 
quality,  has  been  undertaken  by  the 
CBS  group  and  will  be  reported  in 
these  pages  as  soon  as  the  results  are 
available. — D.  G.  F. 
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FIG.  10 — Block  diaqrom  of  pickup,  sync  and  sound-on-siqht  equipmonl 
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ULTRASONIC 


Design  of  r-f  generator  and  quartz  crystal  radiator  providing  ultrasonic  mechanical  energy  for 
disintegration  of  bacterial  cells  and  other  unique  physical  and  chemical  effects.  The  fre¬ 
quencies  involved  range  a^  high  as  500  megacycles 
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FIG.  1 — Chart  giVing  percent  reflection  (K  X  100)  crt  interface  of  two  media  haring  different  acoustic  resistances 


The  term  “ultrasonics”  is  applied 
to  super  audible  sound  waves 
which  can  be  generated  in  liquids  and 
solids  over  a  frequency  range  of  30 
kc  to  as  high  as  500  me.  The  unique 
physical  and  chemical  effects  pro¬ 
duced  by  intense  sound  fields  at  these 
frequencies  are  finding  wide  applica¬ 
tions  in  many  fields  of  investigation. 
As  an  example,  in  the  field  of  bio¬ 
chemistry  ultrasonic  energy  has  been 
successfully  employed  by  the  authors 
in  the  disintegration  of  bacterial 


cells,  permitting  a  detailed  study  of 
theii>  enzyme  system.^’  *  This  paper 
presents  a  consideration  of  the  prob¬ 
lems  encountered  in  the  design  and 
construction  of  ultrasonic  laboratory 
equipment. 

The  basic  element  of  the  piezo  type 
ultrasonic  generator  consists  of  an 
X-cut  quartz  plate  vibrating  in  the 
longitudinal  or  thickness  mode, 
acoustically  loaded  by  immersion 
in  a  liquid  media  and  excited  at 
mechanical  resonance  in  order  to 
achieve  an  appreciable  ultrasonic  out¬ 
put.  The  circular  plate  usually  em¬ 
ployed  has  diameters  as  large  as  10 
cm,  the  thickness  of  course  being 
determined  by  the  resonant  fre¬ 
quency  desired. 

Ultrasonic  intensities  generated 
will  vary  directly  with  the  acoustic 
resistance  of  the  surrounding  me¬ 
dium  and  with  the  square  of  the  ap¬ 
plied  voltage  and  operating  fre¬ 
quency.  However,  the  latter  two  fac- 

Height  of  fountolB  of  liquid  thrown  up 
from  surface  of  medium  during  ultrasonic 
exposure  is  criterion  of  ultrasonic  intensity 
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tors  cannot  be  increased  indefinitely 
to  achieve  greater  outputs.  The 
maximum  voltage  that  can  be  applied 
is  determined  by  the  breakdown  point 
of  the  crystal  and  its  associated  sup¬ 
ports.  Furthermore,  vibration  does 
not  occur  uniformly  over  the  surface 
of  the  quartz  plate,  and  if  excited  too 
vigorously  the  elastic  limits  of  cer¬ 
tain  sections  of  it  may  be  exceeded 
even  though  other  areas  are  rela¬ 
tively  motionless.  Crystal  fragility 
and  liability  to  voltage  breakdown 
increase  at  higher  frequencies  due  to 
diminishing  thickness,  and  hence  op¬ 
eration  at  high  intensities  is  usually 
confined  to  frequencies  below  one 
megacycle. 

EfReieRcy  Criterio 

These  limitations  on  the  exciting 
power  make  it  essential  that  the  effi¬ 
ciency  of  the  acoustical  system  be  as 
high  as  possible.  The  four  criteria 
for  such  a  system  are  as  follows: 

(1)  Damping  of  the  quartz  radia¬ 
tor  due  to  its  support  must  be 
avoided.  This  is  accomplished  by  se¬ 
curing  the  crystal  at  points  of  low 
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Radio-frequency  generator  connected  to 
quartz  radiator  immersed  in  oil  in  glass 
container  on  table.  Cooling  system  for  oU 
is  on  shelf  under  table.  Microscope  stand 
is  being  used  os  rack  and  pinion  for  ad- 
{listing  height  of  fluid-filled  flask  in  oiL 
Output  power  is  OTer  500  watts  in  operat¬ 
ing  range  of  from  150  to  1000  kc.  At  right 
is  a  rear  Tiew  of  the  ultrasonic  generator 


a  flections,  a  medium  having  the  high¬ 
est  acoustic  resistance  consistent 
with  good  dielectric  properties  is 
selected.  A  transformer  oil,  such  as 
Wemco  C  produced  by  the  Westing- 
house  Electric  Corp.,  has  proven  to 
be  one  of  the  most  suitable. 

Fortunately,  dispersion  of  the 
radiated  energy  does  not  introduce 
much  loss  since  the  radiation  from 
a  circular  plane  source  is  confined 
to  a  highly  directional  beam  when  the 
radio  of  radiator  radius  to  the  wave¬ 
length  is  large.  Further  concentra¬ 
tion  may  be  obtained  by  using  a 
spherically  curved  plate  of  large 
curvature  which  develops  very  high 
intensities  at  its  focal  point.  In  ad¬ 
dition,  recent  investigation  has 
shown  that  slightly  curved  crystals, 
while  not  producing  a  marked  focus- 
radiator  should  be  concentrated  on  sing  effect,  provide  intensities  at  all 
one  surface  only.  This  requires  that  distances  from  the  radiator  which 
the  other  be  coupled  to  a  medium  of  are  superior  to  those  obtainable  from 
very  high  or  low  acoustic  resistance  either  a  flat  or  focussed  radiator.* 
tp  provide  a  maximum  of  reflection. 

In  practice,  one  surface  is  coupled  to 
the  liquid  medium  and  the  other  is  With  these  requirements  in  mind, 
exposed  to  air,  concentrating  the  the  crystal  holder  sketched  in  Fig.  2 
radiation  in  one  direction.  was  developed.  It  consists  of  a  quartz 

(4)  In  order  to  obtain  large  inten-  crystal  sandwiched  between  two 
sities  coupled  with  a  minimum  of  re-  brass  rings  that  are  held  together  by 


motion  either  about  its  periphery  or 
in  the  middle  of  the  thickness  dimen¬ 
sion,  the  nodal  point  for .  an  X-cut 
crystal. 

(2)  Reflections  between  objects  to 
be  immersed  in  the  sound  field  and 
the  conducting  medium  should  be 
minimized.  These  will  occur  when 
the  sound  crosses  a  junction  of  two 
media  having  unequal  acoustic  re¬ 
sistances.*  From  the  approximate 
acoustic  resistances  given  on  the  re¬ 
flection  chart  in  Fig.  1  it  may  be  seen 
that  the  reflection  loss  for  a  glass 
container  immersed  in  an  oil  medium 
would  be  about  70  percent  (K  = 
0.7  for  an  acoustic  resistance  ratio  of 
11),  and  between  any  medium  and 
air  close  to  100  percent.  Thin  sec¬ 
tions  of  material  interposed  in  the 
sound  path  will  cause  a  minimum  of 
attenuation  if  they  are  an  integral 
number  of  wavelengths  thick. 

(3)  The  acoustic  loading  on  the 
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FIG.  2 — Construction  of  quartz  radiator  designed  for  immersion  in  oil 
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FIG.  3 — Coupling  circuits  suitable  for  matching  the  output  of  an  r-f  generator  to  a  qiiarts  radiator 


a  Lucite  press  device  which  permits 
changes  in  contact  pressure  of  the 
brass  electrodes  on  the  quartz  sur¬ 
faces.  Although  it  leads  to  some 
damping,  this  arrangement  has  the 
advantage  that  breakdown  of  the  in¬ 
sulating  medium  is  eliminated  com¬ 
pletely.  With  other  types  of  holders 
which  were  constructed  and  tested, 
voltage  breakdown  of  the  trans¬ 
former  oil  resulted  in  immediate  and 
irreparable  damage  to  the  surfaces 
of  the  quartz  crystal. 

The  surface  of  the  quartz  crystal 
is  silver-plated  routinely  every  six 
months  by  Brashear’s  method.  It  was 
found  that  a  silver-plated  surface  is 
superior  to  a  surface  of  aluminum  or 
silver  foil  cemented  or  spattered  onto 
the  quartz  surfaces.  To  increase  the 
voltage  breakdown  path,  the  upper 
and  lower  plating  is  not  carried  out 
to  the  extreme  edge  of  the  crystal. 
Lucite  is  used  exclusively  in  the 
mounting  and  in  the  oil  chamber  as 
insulation  against  high  voltage. 

The  crystal  holder  is  completely 
immersed  in  transformer  oil  which 
serves  at  once  as  insulation  medium, 
conducting  medium  for  ultrasound, 
and  circulating  fluid  for  the  cooling 
system.  The  oil  is  circulated  contin¬ 
uously  by  a  centrifugal  pump  from 
the  ultrasound  apparatus  through  a 
copper  coil  surrounded  by  an  ice- 
water  mixture.  Much  heat  is  formed 
during  operation  and  efficient  cooling 
is  necessary  to  prevent  the  tempera¬ 
ture  from  rising  above  80  C  in  the 
bacterial  suspension. 

When  the  crystal  holder  is  im¬ 
mersed  in  the  oil  bath,  the  lower 
brass  ring  electrode  automatically 
forms  an  air  pocket,  which  almost 


completely  reflects  the  sound  waves 
at  the  lower  side  of  the  quartz  plate. 
The  reflected  waves  come  automati¬ 
cally  into  the  right  phase  with  those 
radiated  upwards  and  increase  their 
energy,  hence  the  total  damping  of 
the  crystal  becomes  less,  owing  to  the 
decrease  in  the  radiation  decrement. 

In  the  design  of  the  radio-fre¬ 
quency  sources  used  to  excite  ultra¬ 
sonic  generators,  it  has  heretofore 
been  the  trend  to  increase  the  power 
output  capabilities  of  the  equipment 
in  order  to  increase  ultrasonic  out¬ 
puts.  The  futility  of  this  is  evident 
when  it  is  realized  that  only  an  in¬ 
crease  in  applied  voltage  is  necessary 
to  accomplish  this.  The  actual  power 
consumption  of  any  crystal  radiator 
will  rarely  exceed  250  watts  and  will 
usually  be  much  less. 

Ultrasonic  Power  Outpnt 

The  input  impedance  at  resonance 
of  a  quartz  radiator  is*  mainly  re¬ 
sistive  and  is  the  equivalent  of  a  load 
of  10,000  to  250,000  ohms  shunted  by 
a  capacitance  of  as  much  as  100  fifif. 
Developing  large  voltages  across  such 
an  impedance  is  simply  a  problem  in 
impedance  matching.  The  resistive 
load  which  the  usual  class-C  amplifier 
must  see  across  its  tank  circuit 
ranges  from  500  to  10,000  ohms  de¬ 
pending  on  its  operating  conditions, 
and  these  values  will  determine  the 
matching  ratios  to  be  used  in  the  net¬ 
work  coupling  the  r-f  generator  to 
the  crystal. 

It  is  interesting  to  note  that  any 
reflection  of  sound  back  to  the  quartz 
radiator  alters  the  electrical  im¬ 
pedance  of  the  radiator  in  a  manner 
similar  to  that  in  which  the  imped¬ 


ance  of  a  discontinuous  transmission 
line  varies  with  length.  The  input 
impedance  is  therefore  a  minimum 
when  the  reflection  path  is  an  odd 
number  of  quarter  wavelengths  long. 
Total  reflection  may  also  cause  a 
shift  in  the  quartz  resonant  fre¬ 
quency  by  as  much  as  20  percent  and 
consequently  is  to  be  avoided.* 

Coapling  Circaits 

In  Fig.  3  are  shown  various 
coupling  circuits  suitable  for  match¬ 
ing  purposes. 

In  Fig.  3A  the  crystal  is  connected 
directly  across  the  tank  circuit  of  the 
r-f  generator  and  the  excitation  is 
limited  to  the  peak  voltage  developed 
across  the  tank.  In  Fig.  3B,  an  in¬ 
ductive  coupling  circuit  is  shown  but 
it  has  proven  to  be  relatively  ineffi¬ 
cient  and  subject  to  breakdowns. 

In  Fig.  3C  and  3D,  a  tapped  tank 
circuit  is  utilized,  the  final  amplifier 
being  connected  across  only  a  portion 
of  either  branch.  A  further  exten¬ 
sion  of  this  idea  is  the  parallel  res¬ 
onant  impedance  transformer  in  Fig. 
3E,  where  L  is  equal  to  (Bai2t)Vw* 
If  the  circuit  Q  is  greater  than  10, 
a  small  load  Rg  will  be  presented 
to  a  generator  looking  into  either 
branch  of  the  circuit  when  a  large 
load  Ri.  is  shunted  across  it.  This  ac¬ 
tion  is  identical  to  that  of  the  L 
matching  ne^fwork  in  Fig.  3F. 

Probably  the  best  arrangement  is 
the  use  of  a  pi  network  as  shown  in 
Fig.  3G,  which  will  provide  the  most 
exact  impedance  match  and  will  obvi¬ 
ate  the  use  of  a  tank  circuit. 

Voltages  developed  across  match¬ 
ing  components  will  increase  as  the 
square  root  of  the  impedance  level, 
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and  hence  special  care  must  be  taken 
in  insulating  these  components. 
Sharp  edges  and  corners  will  cause 
undue  concentrations  of  electrostatic 
flux  which  are  likely  to  result  in 
corona  and  frequent  breakdowns. 
The  design  of  inductive  elements 
should  take  into  consideration  not 
only  the  potential  gradients  existing 
across  the  windings  and  forms  but 
also  the  amount  of  dissipation  the 
coil  forms  must  accommodate. 

R>F  G*M«rator  CircMit 

The  requirements  of  the  r-f  gen¬ 
erator  used  to  excite  these  radiators 
are  idmilar  to  those  of  the  usual  radio 
transmitter,  except  that  provisions 
for  the  use  of  both  a  crystal-con¬ 
trolled  and  a  stabilized,  calibrated 
variable-frequency  exciter  should  be 
included.  Operating  frequencies  may 
cover  a  wider  range  than  usual  but 
continuous  frequency  coverage  is  not 
absolutely  essential.  Additional  re¬ 
finements  might  also  include  a  vari¬ 
able  power  output  control  and  an  au¬ 
tomatic  timing  device  to  facilitate 
accurate  ultrasonic  time  exposures. 

The  circuit  of  a  generator  designed 
and  constructed  to  excite  a  quartz 
radiator  is  shown  in  Fig.  4.  It  em¬ 
ploys  beam-power  tetrodes  to  elim¬ 
inate  neutralization,  and  the  final 
amplifier  consists  of  type  813  tubes 
operating  in  push-pull  parallel.  The 
generator  has  an  operating  range  of 
from  150  to  1000  kc,  obtained  by 


switching  plate  circuit  inductors. 
When  fully  loaded,  it  will  deliver  over 
600  watts  output.  In  operation,  all 
metallic  objects  associated  with  the 
equipment  are  grounded  to  prevent 
accidental  burning  of  the  operator  by 
induced  potentials. 

Simple  oscillator  circuits  may  also 
be  employed  as  generators.  A  suit¬ 
able  oscillator  circuit  for  this  pur¬ 
pose,  similar  to  those  used  as  high- 
voltage  supplies  for  cathode-ray 
tubes,  is  shown  in  Fig.  5.*  The  sec¬ 
ondary,  L*,  is  tuned  to  the  operating 
frequency  by  the  distributed  capaci¬ 
tance  shunting  it,  and  for  low  power 
loss  is  of  very  high  impedance.  To 
obtain  a  stable  tuning  characteristic, 
feedback  for  the  grid  circuit  is  ob¬ 
tained  solely  from  Ls.  To  improve  the 
generator  regulation,  the  coupling 
between  L,  and  L,  is  made  at  least 
twenty  times  greater  than  is  critical. 

For  those  tempted  to  experiment, 
it  should  be  noted  that  the  high 


FIG.  5— Self-excited  oscillator  circuit  suit¬ 
able  for  driving  a  quartz  radiator 


damping  of  the  quartz  plate  used  as  a 
radiator  makes  it  impossible  to  em¬ 
ploy  this  plate  to  establish  the  fre¬ 
quency  of  the  generator. 

Typical  Applicofien 

One  application  of  the  ultrasonic 
generator  to  the  problems  of  enzym- 
ology  will  be  described  briefly.  A 
thin  suspension  of  bacteria  is  placed 
in  a  flask  and  immersed  in  the 
medium  by  a  rack  and  pinion  device. 
The  flask  is  then  adjusted  to  a  criti¬ 
cal  distance  from  the  radiator  deter¬ 
mined  by  the  peak  in  the  height  of 
the  cone  of  fluid  thrown  up  within 
the  flask  by  the  radiation  pressure  of 
the  ultrasound.  After  a  ten-minute 
exposure  to  ensure  satisfactory  dis¬ 
integration,  the  material  is  spun 
dow’n  in  the  high-speed  head  of  a 
refrigerated  International  Centri¬ 
fuge  at  20,000  rpm.  In  five  minutes 
all  cellular  debris  as  w’ell  as  intact 
cells  will  have  been  centrifuged 
down,  and  the  supernatant  fluid,  usu¬ 
ally  turbid  and  light  amber  in  ap¬ 
pearance,  is  carefully  decanted  into 
a  chilled  container  for  analysis. 
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AFC  for  R-F  HEATING 


Automatic  correction  of  frequency  shift  under  varying  load  is  accomplished  by  an  electric 
motor  that  tunes  the  heating  oscillator  back  to  the  desired  frequency.  Discriminator  and  search 

circuits  actuate  relays  to  control  motor  rotation 


IN  PROCESSING  MATERIAL  by  means 
of  radio-frequency  energy,  it  is 
desirable  to  accurately  control  the 
heating  oscillator  frequency.  Most 
oscillators  used  for  induction  and 
dielectric  heating  have  poor  fre¬ 
quency  stability  as  compared  to  oscil¬ 
lators  used  for  communication  pur¬ 
poses.  This  is  because  they  are  much 
more  heavily  loaded,  and  the  charac¬ 
teristics  of  the  load  change  consider¬ 
ably  during  the  heating  cycle. 

Some  manufacturers  have  made  an 
attempt  to  shield  their  oscillators  to 
eliminate  interference  to  communica¬ 
tion  services.  However,  with  condi¬ 
tions  met  in  field  installations,  ex¬ 
cessive  radiation  can  easily  occur  at 
the  work-handling  point,  even  though 


the  oscillator  itself  has  been  properly 
shielded,  unless  extreme  precautions 
are  taken  in  shielding  the  work  cir¬ 
cuit  as  well.^ 

The  Federal  Communications  Com¬ 
mission,  to  reduce  interference  to 
other  services  by  industrial  elec¬ 
tronic  equipment,  has  assigned  defi¬ 
nite  frequency  bands  for  use  by  in¬ 
dustry.  The  tentative  proposed  fre¬ 
quency  stability  requirement  is 
rizO.05  percent.*  Obviously,  it  will  not 
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be  practicable  to  maintain  such  sta¬ 
bility  with  a  self-excited  type  of  gen¬ 
erator  without  some  means  of  fre¬ 
quency  correction. 

Amplifiers  for  Low  Power 

One  possible  solution  to  the  prob¬ 
lem  is  to  employ  broadcast  transmit¬ 
ter  design  methods  utilizing  a  crys¬ 
tal  or  small  stabilized  oscillator  with 
amplifiers  following  it  until  the 
necessary  power  required  to  drive 
the  final  amplifier  is  obtained.  In  the 


case  of  generators  of  low  output  (1 
to  10  kw) ,  this  method  would  be  rela¬ 
tively  inexpensive,  although  the 
added  size  and  cost  would  be  consid¬ 
erably  greater  than  that  of  present 
heating  oscillators.  For  higher- 
powered  generators  (10  to  200  kw), 
this  method  would  add  many  compli¬ 
cations  and  increase  the  cost  tre¬ 
mendously  over  that  of  a  simple  oscil¬ 
lator  of  corresponding  power  output. 

With  the  rapid  development  of  fre¬ 


quency-modulation  technique  in  the 
past  few  years,  many  automatic  fre¬ 
quency  control  devices  have  been  de¬ 
veloped  to  maintain  accurate  oscil¬ 
lator  frequency.  Extremely  accurate 
frequency  control  has  been  obtained 
by  the  use  of  reactance  tubes  or  sim¬ 
ilar  devices  connected  across  the  os¬ 
cillator  tank  circuit.*  Unfortunately, 
it  is  not  very  practical  to  utilize  such 
correction  means  for  high-power  os¬ 
cillators  because  of  the  large  power 
requirements  of  the  reactance  tube 
and  associated  circuits.  In  addition, 
it  is  difficult  to  correct  for  the  large 
frequency  variations  encountered  in 
induction  and  dielectric  heating  os¬ 
cillators  because  of  the  limited  range 
of  reactance  variation  obtainable 
with  such  devices. 

It  is  possible  to  obtain  heating  os¬ 
cillator  frequency  stability  in  the  or¬ 
der  of  ztO.OS  percent  by  mechanical 
means.  If  a  portion  of  the  oscillator 
circuit  inductance,  capacitance,  or 
transmission  line  length,  can  be  var¬ 
ied  by  means  of  a  motor,  a  system 
such  as  that  shown  in  block  diagram 
form  in  Fig.  1  may  be  used. 

Taniiig  Correction 

The  output  from  a  crystal  oscil¬ 
lator  which  may  operate  at  a  desired 
heating  oscillator  frequency*  or  at 
some  fixed  frequency  above  or  below 
the  desired  heating  oscillator  fre¬ 
quency*  is  fed  into  a  mixer  stage 
along  with  some  voltage  picked  up 
from  the  heating  oscillator.  The  out¬ 
put  circuit  of  the  mixer  stage  is 
designed  to  pass  the  difference  fre¬ 
quency  between  the  two  oscillators. 
After  suitable  amplification,  this 
voltage  is  applied  to  a  diode  discrimi¬ 
nator  which  may  be  of  the  Seeley  or 
Crosby  type.  If  the  crystal  oscil¬ 
lator  frequency  is  made  the  desired 
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FIG.  1 — Essential  stages  of  the  ofe  system  lor  an  electronic  heating  oenerator. 
frequency  stability  on  the  order  of  ziz.  0.05  percent  is  obtained 
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Automatic  frequency  control  is  employed 
on  this  100*kw  Westinghouse  oscillator  for 
electronic  heating 


heating  oscillator  frequency,  the  RC 
or  audio-frequency  transformer  type 
of  frequency  discrimination  may  be 
used. 

The  discriminator  output  is  used 
to  control  electromagnetic  relays, 
thyratrons  or  vacuum  tubes  which  in 
turn  control  the  motor  attached  to 
the  variable  element  of  the  heating 
oscillator  tank  circuit. 

Motor  Taning  Control 

If  the  heating  oscillator  is  on  fre¬ 
quency,  the  resultant  discriminator 
output  voltage  will  be  zero  so  that  the 
control  circuit  will  permit  the  motor 
to  be  at  rest.  If  the  heating  oscil¬ 
lator  frequency  drifts  higher  or 
lower  than  mean  frequency,  the  dis¬ 
criminator  resultant  output  will 
assume  a  polarity  such  as  to  drive 
the  motor  in  the  proper  direction 
to  return  the  oscillator  to  its  proper 
frequency. 

No  detailed  circuit  for  the  conver¬ 
sion  of  difference  frequency  between 
heating  oscillator  and  desired  fre¬ 
quency  to  direct  current  is  shown 
because  the  form  which  such  a  cir¬ 
cuit  takes  depends  upon  the  point 
in  the  frequency  spectrum  where  the 
master  oscillator  operates  and  the 
accuracy  of  correction  desired.  How¬ 
ever,  the  conversion  of  the  discrimi¬ 
nator  output  to  mechanical  motion 
of  the  variable  element  of  the  heat¬ 
ing  oscillator  tank  circuit  is  rela¬ 
tively  independent  of  the  oscillator 
frequency.  One  possible  control  sys¬ 
tem  for  this  purpose  is  shovni. 

Figure  2  is  a  simplified  diagram 


of  a  method  for  motor  control  which 
will  function  properly  with  certain 
limitations.  The  d-c  voltage  output 
from  the  discriminator  is  connected 
to  the  control  grids  of  Vi  and  V^. 
In  the  plate  circuits  of  these  tubes 
polarized  relay  coils  are  connected  in 
such  a  manner  that  if  the  plate  cur¬ 
rent  of  Vx  exceeds  that  of  V,  by  a 
certain  amount,  contact  KxA  will 
close.  If  the  plate  current  of  V,  ex¬ 
ceeds  that  of  Vx  by  the  same  amount, 
contact  KxA'  will  close.  Then  if  the 
discriminator  is  arranged  so  that 
point  1  is  negative  with  respect  to 
ground  and  point  2  is  positive  for  a 
heating-oscillator  frequency  greater 
than  the  desired  frequency,  will 
draw  more  plate  current  than  Vi, 
causing  relay  contact  KxA'  to  close. 


When  KxA'  closes,  it  shorts  out  the 
coil  of  relay  coil  K^  so  that  its  contact 
K^A  opens  and  K^B  closes.  This  com¬ 
pletes  the  circuit  through  the  motor 
armature,  causing  current  to  flow 
from  point  B  to  point  A. 

The  motor  will  rotate  to  vary  the 
heating-oscillator  tank  circuit  in  the 
proper  direction  to  lower  its  fre¬ 
quency  until  the  proper  frequency  is 
reached  when  the  voltage  between 
points  1  and  2  are  equal,  at  which 
time  KxA'  opens,  stopping  the  motor. 
Obviously,  for  a  heating-oscillator 
frequency  less  than  the  proper  fre¬ 
quency,  the  tank  circuit  will  be 
varied  in  the  opposite  direction  to 
make  the  necessary  correction.  The 
limitations  of  the  circuit  are  imposed 
by  the  bandwidth  of  the  discrimi¬ 
nator  employed  and  the  sensitivity 
of  the  polarized  relay. 

Limitations  of  Discriminator 

Figure  3  shows  a  typical  plate  cur¬ 
rent  characteristic  for  Vx  and  Vt. 
If  the  discriminator  characteristic  is 
so  shaped  as  to  cause  the  polarized 
relay  to  operate  at  points  1  and  2, 
then  it  will  again  center  at  points  3 
and  4  where  the  difference  currents 
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FIG.  2 — Control  circuit  for  conrerting  the  discriminator  output  into  mechanical  motion 
oi  the  tuning  element  of  the  heating  oscillator 
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-S«arch  circuit  for  maintaining  tb*  frequoncy  within  th«  dosirod  limits  at  th« 
start  oi  a  new  heating  cycle 


FIG.  3 — Plate  current  characteristics  oi 
tubes  Vi  and  Vz  of  Fig.  2.  Points  1  and  2 
determine  the  correction  accuracy  and 
points  3  and  4  indicate  the  eiiectiTe  band¬ 
width  of  the  discriminator 


are  the  same  as  at  points  1  and  2.  to  open  just  before  points  3  and  4 
Unfortunately,  the  closer  the  points  are  reached  when  the  frequency  de- 
1  and  2  are  brought  together  by  parts  from  the  mean  frequency.  Con- 

steepening  the  slope  of  the  plate  cur-  tacts  K^A  and  KtB,  along  with  limit 

rent  crossover  curves  to  get  better  switch  LS,  will  then  cause  the  motor 
accuracy  of  frequency  correction  the  to  operate  even  though  the  frequency 
more  rapidly  do  the  plate  currents  of  the  heating  oscillator  is  outside 

approach  one  another  off  resonance,  the  discriminator  effective  range 

until  the  frequency  is  brought  within 
this  range.  When  that  occurs,  they 
With  the  relatively  large  frequency  will  relinquish  control  to  the  polar- 
•change  encountered  in  radio-fre-  ized  relay  which  will  perform  the 
quency  generators  during  heat  treat-  same  function  as  before, 
ment  of  materials,  the  oscillator  fre¬ 
quency  may  be  outside  the  limits  of 
points  3  or  4  at  the  start  of  a  new 
heating  cycle,  so  that  no  correction 
can  take  place.  In  order  to  make 
certain  that  this  condition  cannot 
occur,  a  further  refinement  of  the 
circuit  shown  in  Fig.  2  is  usually 
necessary.  A  search  circuit  such  as 
is  shown  in  Fig.  4  can  be  made  to 
cause  the  variable  element  in  the 
heating-oscillator  tank  circuit  to 
rotate,  even  though  the 'frequency  is 
outside  the  limits  of  points  3  and  4, 
until  it  is  brought  within  these 
limits.  The  discriminator  will  then 
take  over  to  center  the  frequency. 

Some  r-f  voltage  from  the  heating 
oscillator  is  coupled  to  an  LC  circuit 
tuned  to  the  proper  oscillator  fre- 
-quency.  This  circuit  is  connected  to 
the  grid  of  a  pentode  used  as  a  de¬ 
tector,  with  the  search  relay  K^  con¬ 
nected  in  its  plate  circuit.  The  Q 
of  this  circuit  and  the  bias  voltage  E 
are  so  adjusted  that  will  close  just 
before  point  1  is  reached  for  one 
direction  of  frequency  connection 
and  just  before  point  2  is  reached 
In  the  opposite  direction  of  frequency 
correction. 

The  adjustments  will  also  cause 


be  bulky  with  inherent  high  inertia. 
For  such  cases,  braking  or  motor¬ 
plugging  schemes^  may  be  employed 
to  prevent  motor  overshoot.  Such 
schemes  apply  reverse  current  to  the 
motor  armature  momentarily  of  such 
magnitude  as  to  overcome  all  inertia 
at  the  instant  when  it  is  desired  to 
stop  the  motor.  Many  feedback  sys¬ 
tems'*  and  motor-braking  systems 
developed  for  other  applications  may 
also  be  helpful  here. 

Systems  of  the  type  discussed 
above  for  frequency  correction  can 
be  made  employing  small  receiving- 
The  frequency  of  the  heating  oscil-  type  tubes  and  components  whose 
lator  may  be  outside  the  desired  overall  size  and  cost  will  be  much 
limits  of  correction  for  an  appreci-  less  than  the  oscillator-amplifier  type 
able  time  at  the  beginning  of  a  heat  of  design.  For  small  oscillators  from 
cycle.  It  may  therefore  be  desirable  1  to  10  kw  output  it  may  be  more 
to  automatically  return  the  variable  economical  to  employ  broadcast 
portion  of  the  tank  circuit  to  the  transmitter  design  technique  for 
proper  starting  point  after  the  com-  accurate  frequency  control.  For 
pletion  of  a  heat  cycle  for  applies-  larger  units,  the  above  system  is 
tions  where  the  heating  procedure  is  much  more  economical  in  both  space 
not  a  continuous  process.  This  can  and  cost, 
be  done  automatically  by  additional 
relay  contact  arrangements. 

There  are  many  other  possible 
arrangements  of  relays,  thyratrons 
and  vacuum  tubes  which  have  been 
devised  for  other  applications*  and 
can  be  used  to  accomplish  motor  con¬ 
trol  for  frequency  correction.  In  any 
of  these  systems  the  problem  of  hunt¬ 
ing  arises,  and  may  be  overcome  by 
the  same  methods  employed  for  other 
motor  control  devices.  In  general, 
the  higher  the  sensitivity  desired  the 
more  difficult  it  becomes  to  overcome 
hunting  unless  the  electrical  and 
mechanical  inertia  of  the  system  can 
be  kept  low. 

‘  Unfortunately,  for  large  power 
oscillators  the  variable  element  will 
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Semi-automatic  device  employing  a  phototube  and  a  grid-glow  tube  permits  duplicate  expo¬ 
sures  to  be  made  on  photographic  plates  despite  variations  in  the  arc  source.  Other  appli- 

j 

cations  are  indicated 

i 

I 


Rotatiiiq  sector  and  photo  unit  arranqo* 
ment.  as  used  In  a  gradng  spectrograph, 
shown  with  the  electrostatic  shield  remoTed 
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SPECTROGRAPH 
EXPOSURE  CONTROL 


IN  RECENT  YEARS  the  spectrograph 
has  evolved  from  a  small  optical 
instrument  with  little  dispersive 
power  to  a  massive  structure  having 
dispersive  powers  of  the  order  of  1.0 
angstrom  per  millimeter  or  less. 

The  necessity  for  some  device 
whereby  duplicate  exposures  on  pho¬ 
tographic  plates  may  be  obtained 
naturally  arises,  especially  in  quanti¬ 
tative  spectrographic  analysis.  A 
need  for  such  a  device  is  readily 
grasped  when  one  observes  the  image 
of  the  arc  or  spark  source  on  the  slit 
of  the  spectrograph  wandering  from 
side  to  side,  changing  in  intensity 
and  even  failing. 

The  types  of  spectrographs  in  use 
are  generally  of  the  grating  or 
quartz-prism  types  and  both  can  be 
adapted  for  use  with  a  semi-auto¬ 
matic  integrating  exposure  control 
developed  by  the  author.  In  particu¬ 
lar,  the  grating  spectrograph  lends 
itself  readily  to  an  integrating 
method  of  recording  the  light  energy* 
developed.  The  apparatus  described 
herein  was  designed  to  operate  with 

lul  Friez  Ingtrument  DIt., 

AyUtion  Corp..  Baltimore.  M*l. 


a  grating  spectrograph  having  a  dis-  a  simple  photocell,  it  automatically 
persive  power  of  2.6  angstroms  per  determines  the  end  point  of  photo¬ 


millimeter,  employing  a  grating  of 
30,000  lines  per  inch  and  having  a 
radius  of  curvature  of  21  feet.  Using 


graphic  exposures  and  further  appli¬ 
cation  of  such  a  device  to  other  meas¬ 
urements,  such  as  solar  radiation. 


CENTRAL 
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ARC  t  j - 
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FIG.  1 — Simpliiied  diagram  ol  a  grating  spectrograph  equipped  with  on  exposure^ontrol 

photo  unit 
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visible  and  invisible,  will  be  appar¬ 
ent.  The  use  of  the  device  to  meas¬ 
ure  the  intensity  of  spectral  lines  in 
spectroscopy  is  also  possible. 

The  Apparatus 

Figure  1  shows  the  relative  loca¬ 
tions  of  the  various  parts  of  a  grat¬ 
ing  spectrograph.  •  The  phototube 
unit  is  located  near  the  slit  of  the 
spectrograph,  within  the  spectro¬ 
graph  enclosure.  Light  from  the  arc 
source  passes  through  the  slit  to  the 
mirror  and  then  to  the  grating,  form¬ 
ing  spectrum  lines  on  the  plate  holder 
and  giving  a  central  image. 

In  this  particular  application  the 
incident  light  received  by  the  photo¬ 
tube  is  reflected  from  the  surface  of 
a  polished  aluminum  rotating  sector 
located  between  the  slit  and  the  mir¬ 
ror  within  the  spectrograph  enclo¬ 
sure.  The  sector  is  adjustable  for 
long  or  short  exposures,  dependent 
upon  the  nature  of  the  analysis.  Thus 
the  light  received  by  the  phototube 
will  be  actually  only  a  cross  section 
of  that  exposing  the  photographic 
plate.  If  the  sector  is  rotated  at  a 
reasonable  speed  (about  900  rpm) 
the  light  received  by  the  phototube 
will  be  representative  of  that  re¬ 
ceived  by  the  spectrograph  plate. 

As  shown  in  Figure  2,  the  photo 
unit  consists  of  two  tubes  VTi  and 
VTty  a.  phototube  and  a  cold-cathode 
grid-glow  tube.  The  ^id-glow  tube 
operates  as  an  integrating-device 
actuator. 

Details  of  OparatioM 

In  operation,  the  phototube  con¬ 
verts  the  incident  light  into  electrical 
energy  and  charges  a  capacitor,  Cb, 


at  a  rate  proportional  to  the  intensity 
of  the  incident  radiation,  at  the  same 
time  discharging  Ca-  Capacitors  Ca 
and  Cb  are  the  partial  capacitances 
otVTi  and  VT^.  At  a  particular  grid 
potential  predetermined  by  the  volt¬ 
age  on  the  plate  of  VT,,  the  grid-glow 
tube  fires,  registering  one  integrated 
interval,  and  reestablishes  the  system 
to  its  initial  conditions.  This  process 
is  repeated  many  times  for  a  com¬ 
plete  exposure,  thus  giving  an  in¬ 
tegrated  result.  The  accuracy  is  de¬ 
pendent  partially  upon  the  size  of  the 
increments.  The  dial  setting  deter¬ 
mines  the  number  of  these  incre¬ 
ments.  A  ratchet  wheel  having  many 
teeth  is  employed  to  position  the  dial, 
sums  up  the  increments  and  thus  be¬ 
comes  the  integrator. 


The  overall  unit  contains  a  recti¬ 
fier  to  supply  the  necessary  d-c  volt¬ 
ages  for  the  phototube  and  the  grid- 
glow  tube.  The  sample  to  be  analyzed 
is  placed  in  the  cavity  of  the  lower 
arc  electrode  (pure  carbon)  and  an 
arc  is  established  between  the  two 
electrodes.  This  causes  relay  RLt  to 
operate,  completing  the  circuit  to  the 
grid-glow  tube.  Relay  RLi  insures 
inoperation  of  the  indicator  should 
the  arc  fail.  Reestablishment  of  the 
arc  restores  operation.  This  provi¬ 
sion  also  permits  the  exposure  to  be 
interrupted  if  desired  without  appre¬ 
ciable  error  due  to  slight  leakages 
that  may  exist. 

After  each  successive  charge-up  of 
capacitance  C*,  VT,  !ires,  causing  the 
relay  RL^  to  operate,  actuating  sole- 


•  }  RECTIFIER 


I  MOTOR-ARC 


Front  panol  of  power  supply,  relay  and  ratchet  unit,  showing  the  indicator  dial 


SLIT 


FIG.  2 — Complete  circuit  diagrom  of  the  spectrograph  exposure  control  device 
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noid  RLt  which  ratches  the  dial  one 
increment  and  resets  the  grid-glow 
tube  by  opening  its  plate  circuit  for 
an  instant  by  means  of  the  switch  lo¬ 
cated  near  the  solenoid  arm.  After 
many  such  cycles  of  operation  are 
completed  a  cam-switch  opens  and 
releases  the  arc  cutoff  relay  RL^,  thus 
interrupting  the  arc  circuit.  This  arc 
cutoff  relay  extinguishes  the  arc 
when  the  desired  exposure  or  end 
point  is  obtained.  The  desired 
length  of  exposure  is  determined  by 
the  position  of  the  cam  switch,  which 
is  preset  by  moving  the  indicator 
arm  about  the  indicator  scale.  Once 
the  arc  is  established  for  any  setting 
of  the  dial,  the  operation  is  auto¬ 
matic. 

Certain  precautions  must  be  taken 
to  eliminate  as  far  as  possible  any 
leakage  paths  present  across  the 
phototube  leads.  Removal  of  the  base 
from  the  phototube  and  the  grid- 
glow  tube  is  recommended.  The 
photounit  must  be  mounted  on  a  base 
of  good  dielectric  material.  If 
mounted  compactly,  surrounded  by 
some  form  of  electrostatic  shielding 
and  properly  grounded,  a  portable  ar¬ 
rangement  will  be  obtained  with  only 
three  interconnecting  leads  to  the 
recording  unit.  In  humid  climates, 
operation  of  the  phototube  unit  un¬ 
der  a  desiccator  might  be  required. 

Performaac* 

It  is  reasonable  to  expect  some 
variation  in  the  sensitivity  of  the 
phototube  cathode  surface  to  the 
wavelength  of  incident  light  and  to 
area  of  surface.  However,  for  any 
given  analysis,  especially  in  samples 
having  the  unknown  material  in  per¬ 
centages  of  the  order  i  to  5  percent, 
the  energy  distribution  is  rather  con¬ 
stant  Furthermore  the  cathode  sur¬ 
face  exposed  for  different  spectro¬ 
grams  is  practically  constant.  Losses 


due  to  absorption  in  the  air  are  like¬ 
wise  similar  for  each  sample.  These 
errors,  although  they  represent  inac¬ 
curacies  so  far  as  quantitative  meas¬ 
ure  of  the  incident  light  is  concerned, 
do  not  represent  errors  in  obtaining 
duplication  of  results  for  any  com¬ 
plete  analysis. 

Figure  3  is  an  exposed  spectro¬ 
graph  plate  showing  five  successive 
copper  spectrograms.  Each  of  these 
exposures  was  made  by  the  integrat¬ 
ing  exposure  control  from  unweighed 
electrodes  of  copper.  There  was  an 
actual  variation  in  exposure  time  of 
over  three  to  one  when  taking  the  five 
spectrograms.  This  large  variation 
in  exposure  time  was  due  to  deliber¬ 
ate  motion  of  the  arc,  causing  the 
image  of  the  arc  to  wander  on  and 
off  the  slit.  Examination  of  this  plate 
shows  the  uniformity  of  results  ob¬ 
tained  by  this  equipment. 

Further  sensitivity  can  be  obtained 
by  employing  a  C7022B  electron-mul¬ 
tiplier  phototube.  Some  preliminary 
data  has  been  obtained  using  this 
tube  at  the  central  image,  thus  elim¬ 
inating  lens  systems  and  reflections 


from  a  rotating  sector.  The  results 
indicate  that  a  sensitivity  of  at  least 
ten  times  that  obtained  with  the  ap¬ 
paratus  described  can  be  obtained. 
Certain  difficulties  were  encountered, 
the  greatest  of  these  being  variation 
of  the  sensitivity  of  the  portion  of 
the  phototube  surface  employed. 

The  author  acknowledges  the  assis¬ 
tance  of  H.  D.  Ussery,  Dr.  F.  B. 
Haynes,  and  other  members  of  the 
Physics  Department  of  the  Virginia 
Polytechnic  Institute,  whose  cooper¬ 
ation  made  possible  this  development. 
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FIG.  1 — The  solid  lines  show  the  usual 
method  of  mounting  electronic  equipment 
to  isolate  ribradon  and  reduce  shock. 
The  rertical  dashed  lines  show  the  loca¬ 
tion  of  wires  used  in  the  experimental 
determination  of  radius  of  gyrotfon 


FIG.  2 — Resonance  diagram  for  use  in 
applying  shock  and  Tibrotion  mounts  with 
horizontal  stiffness  etiucd  to  one-quarter 
the  Tertical  stiffness.  R  =  radius  of  gyra¬ 
tion  ^  1/5  (cose  height  and  cose  width). 
H  =  Tertical  distance-mounts  to  center  of 
grority,  L  =  mount  spacing 
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ViRRATiON  FATIGUE  TESTS  of  com¬ 
mercial  and  military  aircraft 
radios  are  standard  practice  in  the 
industry,  and  the  accepted  require¬ 
ments  have  been  covered  by  govern¬ 
ment  specifications.  However,  im¬ 
proved  types  of  vibration  isolators" 
are  now  commercially  available  for 
aircraft  and  new  applications  of  ra¬ 
dio  equipment  are  presenting  shock 
and  vibration  conditions  of  an  en¬ 
tirely  different  nature.  Proper  appli¬ 
cation  of  the  new  vibration  isolators 
and  tests  of  equipment  for  services 
other  than  aircraft  require  the  appli¬ 
cation  of  some  theory  not  previously 
used,  as  well  as  a  few  additional 
methods  of  using  vibration  test 
equipment. 

The  tests  indicate  such  things  as 
possible  interference  due  to  relative 
movements  of  parts  under  vibration ; 
their  points  of  resonance ;  the  swing¬ 
ing  of  connecting  wires;  crystalliza¬ 
tion  of  or  weakness  at  soldered  ter¬ 
minals;  fasteners  that  loosen; 
strength  of  brackets,  especially  at 
bends ;  welded  joints  subject  to  shock 
and  vibration;  and  mount  problems. 

We  use  two  types  of  vibration  tests 
in  conjunction  with  design.  The  first 
test  is  a  check  of  the  mechanical  de¬ 
sign  of  the  unit  itself.  The  complete 


unshockmounted  unit  is  subjected  to 
vibration  over  the  expected  or  speci¬ 
fied  frequency  range,  and  carefully 
observed  with  a  Strobotac  for  any 
resonant  vibratory  motion  of  com¬ 
ponents,  panels,  etc.  The  vibration  is 
applied  successively  in  three  mu¬ 
tually  perpendicular  directions  by  a 
machine  made  by  L.  A.  B.  Corpora¬ 
tion  of  Summit,  N.  J. 

Vibratory  displacements  of  0.005 
inch  are  sufficient  to  produce  easily 
observable  motion  in  any  members 
resonant  in  the  usually  specified  test 
range  of  600  to  3600  cycles  per  min¬ 
ute.  If  there  is  vibration  in  service 
at  the  resonant  frequency  of  any 
member,  even  amplitudes  so  small 
that  they  can  barely  be  felt  are  suf¬ 
ficient  to  cause  fatigue  failure  of 
unmounted  equipment  resonant  at  an 
exciting  frequency.  If  vibration-iso¬ 
lating  mounts  are  used,  component 
resonance  must  be  well  above  (3  or 
more  times)  mount  resonance. 

Two  Tostt 

The  structural  strength  of  radio 
chassis  and  brackets  is  usually  em¬ 
pirically  determined  by  the  designer, 
who  is  normally  primarily  influenced 
by  such  considerations  as  weight, 
electrical  performance  and  ease  of 


servicing.  Increased  competitive  em¬ 
phasis  on  these  factors  requires  more 
highly  stressed  structural  members 
and  increases  the  probability  of 
resonance  at  frequencies  present 
in  service.  No  readily  usable  desipn 
data  on  resonance  of  structural  mem¬ 
bers  is  available,  and  “beefing  up”  of 
members  found  by  test  to  be  resonant 
is  the  usual  procedure.  An  example 
of  this  first  test  is  illustrated  by  a 
flightweight  receiver  designed  for 
use  in  light  personal  planes  where 
absolute  minimum  weight  is  essen¬ 
tial. 

Communications  equipment  de¬ 
signed  for  services  which  subject  the 
equipment  to  shock  or  vibration  is 
almost  invariably  shockmounted. 

Whether  the  mounts  are  primarily 
intended  to  absorb  shock,  or  are  both 
to  absorb  shock  and  to  isolate  vibra¬ 
tion,  there  is  the  same  design  prob¬ 
lem.  This  is  because  the  usual  form 
of  shockmoupt  is  essentially  a  rub¬ 
ber  spring  and  if  only  its  shock-ab¬ 
sorbing  qualities  are  considered  by 
the  designer  the  mount  in  many 
actual  cases  will  amplify  barely  no¬ 
ticeable  vibration  up  to  destructive 
amplitudes.  Tube  failure  complaints 
from  the  field  are  a  good  indication  of 
vibration  amplification  in  service,  if 
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Proper  application  of  newly  developed  vibration  isolators  to  mobile  communications  equip¬ 
ment  requires  techniques  not  previously  employed.  Methods  of  testing  shockmounts  in  three 
mutually  perpendicular  directions  are  given,  along  with  data  on  resonant  conditions 


Personal  aircraft  receirer  and  radio  compass  mounted  for  mechanical  resonance  test 
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it  is  known  that  shock  conditions 
are  not  the  probable  cause.  The  sec¬ 
ond  vibration  test  is  to  secure  data 
on  the  vibration  isolation  efficiency 
of  the  shockmount. 

Directions  of  Resonant  Frequencies 

In  most  applications,  the  greatest 
shock  forces  are  in  a  vertical  direc¬ 
tion,  and  in  the  past  it  was  custom¬ 
ary  to  apply  the  test  vibration  only  in 
this  direction.  The  current  practice, 
however,  is  to  test  in  three  mutually 
perpendicular  directions,  since  the 
direction  of  vibration  in  service  is 
dependent  on  the  nature  of  the  equip¬ 
ments  support  and  the  structure  be¬ 
tween  the  cause  of  vibration  and  the 
equipment.  The  usual  result  in  field 
tests  is  to  find  some  components  vi¬ 
brating  in  all  directions.  Since  most 
communications  equipment  is  for 
general  application,  it  must  be  as¬ 
sumed  for  test  purposes  that  all  di¬ 
rections  of  vibration  are  equally  im¬ 
portant. 

The  widely  distributed  formulas 
for  calculation  of  isolation  efficiency 
of  mounts  assume  that  the  equipment 
will  only  have  a  lineal  vibratory  mo¬ 
tion  and  no  tendency  to  rotate.  This 
is  true  only  so  long  as  the  unit  is  on 
mounts  loaded  to  equal  deflections 
and  located  in  a  plane  passing 
through  the  center  of  gravity  of  the 
unit  For  obvious  reasons,  however, 
the  most  widely  used  layout  places  all 
the  mounts  between  the  unit  and  the 


supporting  surface,  and  the  equip¬ 
ment  is  free  to  tip  as  well  as  to  move 
lineally.  In  such  cases  the  mounted 
unit  has  one  vertical  resonant  fre¬ 
quency,  two  resonant  frequencies 
about  a  fore  and  aft  horizontal  axis, 
and  two  about  a  sidewise  horizontal 
axis.  These  occur  one  above  and  one 
below  the  single  horizontal  resonant 
frequency  which  would  be  secured  if 
the  unit  did  not  tip. 

With  many  of  the  mount  designs 
applied  in  the  past  to  usual  radio  de¬ 
signs  this  higher  resonant  frequency 
is  at  or  near  the  speed  of  internal 
combustion  engines,  and  is  very  un¬ 
desirable.  There  is  a  sixth  resonant 


frequency — torsional  about  a  vertical 
axis — but  this  has  no  significance  in 
most  applications. 

A  formula  useful  for  computing 
these  torsional  modes  of  resonance  is 
given  below.  Its  derivation  is  simi¬ 
lar  to  that  of  the  formula  for  use 
without  tipping  and  is  based  on  the 
classic  equation  F  =  MA.  Equal 
mounts,  equally  loaded  and  symmetri¬ 
cally  placed  with  respect  to  the  center 
of  gravity,  are  assumed,  but  for  prac¬ 
tical  purposes  negligible  error  is  in¬ 
troduced  by  using  the  average  of  four 
slightly  different  static  deflections 
such  as  are  usual  in  an  actual  de¬ 
sign.  The  vertical  resonant  fre- 
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quency  in  cps  is  computed  by  the 
usual  formula  /,  =  3.1  VIA,, 
resonant  frequencies  (cps) 

-  2.21  V 

A,  SR* 

An  ^/2 

^  “  A.*  SR* 

L  =■  Distance  between  mounts 
H  a>  Height  of  equipment’s  center  of  gravity 
above  plane  of  mounts 
R  s  Radius  of  gyration  of  the  equipment 
A,  =  Static  deflection  of  mounts 
S  =  Horizontal  to  vertical  softness  ratio  of 
mounts 

These  relations  are  illustrated  in 
Fig.  1  which  shows  a  schematic 
drawing  of  the  usual  method  of 
mounting  electronic  equipment.  It 
also  shows  the  location  of  supports 
used  in  experimentally  determining 
radius  of  gyration  as  referred  to  be¬ 
low. 

Rodfat  of  Gyrotiea 

If  any  accuracy  is  to  be  secured 
with  this  formula — or  any  other  for¬ 
mula — the  static  deflection  and  soft¬ 
ness  ratio  must  be  secured  under  the 
actual  load  conditions.  Most  mount 
load  deflection  curves  are  nonlineal 
and  the  slopes  at  the  point  of  actual 
loading  must  be  used,  rather  than  to¬ 
tal  measured  deflections.  Radius  of 
gyration  can  be  rather  laboriously 
computed  by  handbook  formulas,  or 
can  be  approximated  (i  of  A  +  B 
in  the  sketch  is  an  average  value 
from  measurements  on  a  number  of 
aircraft  radios),  but  is  best  actually 
measured  by  use  of  a  bifilar  pendu¬ 
lum.  For  the  latter,  the  formula  is  as 
follows  (T  is  the  period  in  seconds; 
other  dimensions  show  in  the  sketch 
and  are  expressed  in  inches.) 


=  3.14  TylCD/L 

In  applying  the  resonance  for¬ 
mula,  the  designer  usually  finds  the 
height  and  radius  of  gyration  fixed 
by  other  considerations.  Mounts  with 
suitable  static  deflection  and  hori¬ 
zontal  softness  ratio  can  be  selected, 
however.  Deflection  of  *  to  4  inch 
and  softness  ratios  of  3  to  5  are  about 
the  values  required  for  general  air¬ 
craft  application  (no  resonance  above 
15  cps)  and  approximately  these 
values  are  now  commercially  avail¬ 
able.  Graphs  similar  to  that  shown 
in  Fig.  2  (for  a  mount  in  use  by 
Bendix)  can  then  eliminate  the  need 
of  successive  approximations  in  find¬ 
ing  the  greatest  spacing  which  will 
not  exceed  the  maximum  allowable 
frequency.  (The  maximum  permis¬ 
sible  spacing  should  be  used  to  mini¬ 
mize  shock  forces  on  the  mounts.) 

The  improvement  in  performance 
which  can  be  secured  from  use  of 
mounts  with  suitable  horizontal  soft¬ 
ness  is  illustrated  by  the  photographs 
of  Fig.  3  and  the  performance  curves 
of  Fig.  4.  The  unit  shown  conforms 
to  standard  4  ATR  case  dimensions. 
Mounts  of  the  same  type  and  rating 
were  used  in  both  cases,  but  a  simple 
adapter  was  added  in  one  case  to  in¬ 
crease  horizontal  softness. 

Vertical  isolation  at  1500  and  2100 
cpm  with  the  standard  mounts  is  not 
as  great  as  would  theoretically  be  ex¬ 
pected,  but  is  typical  of  many  instal¬ 
lations.  Unequal  loading  of  the 
mounts  results  in  slight  torsional  im¬ 
pulses  which  have  an  appreciable  ef- 
,  feet  at  the  torsional  resonance  fre¬ 
quency.  The  performance  in  the  op¬ 
erating  range  of  the  horizontally  soft 
mounts  under  vertical  vibration  is 


improved  by  the  elimination  of  these 
slight  peaks,  even  though  the  load  is 
no  more  evenly  distributed. 

Shock  Fatigoo  Tosts 

The  vibration  test  table  may  also 
be  used  for  shock  fatigue  testing  if 
such  a  test  is  warranted  by  the  re¬ 
quirements  of  the  application.  For 
such  an  application  electronic  equip¬ 
ment  is  normally  shock-mounted  on 
rubber.  The  mounts  effectively  iso¬ 
late  against  large  impact  shock 
forces  caused  by  rapid  small  displace¬ 
ments,  such  as  are  caused  by  metal- 
to-metal  contact  or  by  the  vibration 
of  structural  members  induced  by  im¬ 
pact  forces.  No  effective  isolation, 
however,  can  be  secured  from  accel¬ 
erative  forces  without  exceeding 
reasonable  space  limitations,  and  if 
these  forces  are  large  and  numerous 
in  service,  fatigue  failure  should  be 
investigated.  This  requires  test 
forces  equal  to  or  greater  than  those 
which  may  be  expected  in  service,  at 
frequencies  near  the  resonant  fre¬ 
quency  of  the  mounted  equipment. 
This  frequency  is  dictated  by  the  fact 
•that  accelerative  forces  in  service 
will  cause  rapidly  decaying  vibration 
of  the  unit  at  its  resonant  fre¬ 
quency,  regardless  of  the  speed  with 
which  the  force  is  applied. 

In  service,  large  accelerative  shock 
forces  normally  will  deflect  mounts 
past  their  lineal  range.  In  test,  to 
secure  large  forces  at  low  frequen¬ 
cies,  the  displacements  must  also  be 
large  enough  to  cause  deflection  past 
the  lineal  range.  It  is  then  no  longer 
possible  to  treat  the  mount  as  a  sim¬ 
ple  spring  with  one  resonant  fre¬ 
quency,  such  as  is  generally  assumed 
for  vibration  isolation  c&lculations. 


FIG.  3 — ^B«ndix  interphone  amplifiers  whose  geometrical  proportions  (Vit  ATR,  CAA  designation)  present  the  most  difficult  Tibration  iio* 
lotion  problem  of  the  standard  equipment  cases.  The  unit  on  the  left  is  mounted  on  conTentional  rertical  shear-type  mountings  and 
the  unit  at  right  is  mounted  on  identical  rubber  elements  with  on  additional  rubber  part  to  produce  isolation  of  horizontal  ribrotion. 
The  test  table  in  both  cases  is  ribroting  at  a  speed  of  2100  rpm,  with  a  total  excurdon  of  1/64  inch  in  the  left-right  direction.  The 
photographic  defiidtion  of  the  equipment  shown  ot  the  right  illustrates  the  Improrement 
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DIRECTION  OF  APPLIED  VIBRATION 


FIG.  4 — OTerall  Tibrotion  periormance  at  Tarious  engina  speed*  and  in  three  mutually  perpendicular  directions  is  shown  on  these 
graphs  lor  the  two  units  of  Fig.  3.  In  the  graph  on  the  right.  eiiectiTe  isolation  is  secured  in  the  normal  operating  range  of 
aircraft  engines.  The  graph  on  the  left  shows  that  conTentional  mounts  actually  magnify  Tibrotion  at  these  speeds 


FIG.  5 — ^Vibration  isolation  and  magnification  of  an  effectiTely  lineal  Tibrotion 
isolator  and  a  nonlineal  shock  absorbing  bumper.  At  amplitudes  of  Tibrcrtigns  such 
as  would  be  reasonably  encountered  in  serrice,  there  is  a  single  resonant  frequency. 
At  larger  amplitudes,  there  is  a  ronge  of  frequencies  aboTe  this  at  which  resonance 
continues  due  to  the  combined  effect  of  lineal  and  nonlineal  characteristics 


A  load  mounted  on  a  spring  whose 
modulus  is  constant  for  small  deflec¬ 
tions  but  which  increases  with  in¬ 
creasing  large  deflections  has  a  range 
of  resonant  frequencies,  rather  than 
a  single  resonant  frequency.  If  the 
frequency  of  an  adequate  disturbing 
force  is  increased  past  the  resonant 
frequency  of  the  lineal  deflection,  the 
spring  deflects  further  into  the  non¬ 
lineal  range  of  the  spring.  The 
greater  force  speeds  up  the  motion 
and  resonant  motion  of  the  load  con¬ 
tinues  at  frequencies  above  the  lineal 
resonant  frequency. 

This  motion  continues  as  fre¬ 
quency  is  increased  until  the  friction 
loss  in  the  mount  equals  the  energy 
input  of  the  disturbing  force,  when 
the  motion  subsides  to  movements  in 
the  lineal  range  whose  magnitude  can 
be  computed  by  the  simple  spring 
formula. 

Such  resonance  carry-over  is  of 
course  highly  undesirable  in  service, 
but  can  easily  be — and  always  is — 
avoided  by  making  the  linear  deflec¬ 
tion  range  of  the  spring  materially 
greater  than  the  vibratory  displace¬ 
ments  which  will  be  encountered  in 
service.  The  phenomenon  is  impor¬ 
tant,  however,  when  testing  at  large 
amplitudes  and  low  frequencies. 
Knowing  the  stress-strain  relation  of 
the  mount,  it  is  possible  to  compute 
the  approximate  deflection  for  reso¬ 
nance  at  frequencies  above  linear 
resonance.  A  method  for  doing  this 
is  given  in  Den  Hartog’s  “Mechani¬ 
cal  Vibration,”  but  the  method  is  la¬ 
borious  and  the  results  inaccurate 
because  of  the  comparatively  large 
effect  of  internal  friction  in  such 


cases.  For  most  purposes  it  is  suf¬ 
ficient  merely  to  be  familiar  with  this 
type  of  resonance,  and  frequency  dis¬ 
placement  curves  at  various  exciting 
displacements  for  a  case  of  this  type 
are  shown  in  Fig.  5. 

Other  Equipment 

To  use  resonance  carry-over  for 
test  purposes  it  is  also  necessary  to 
measure  the  forces.  Since  the  move¬ 
ment  is  not  simple  harmonic  niotion, 
the  usual  G  meters  reading  rms  volt¬ 
age  are  not  suitable.  A  pressure- 
sensitive  pickup  from  such  a  device 
feeding  a  recorder  of  suitable  fre¬ 
quency  response  must  be  used  so  that 
the  peak  voltage  generated  by  the 
pickup  can  be  measured  rather  than 
the  rms  value. 

With  such  a  device,  forces  of  large 


definite  magnitudes  near  linear  reso¬ 
nance  frequency  can  be  obtained  with 
practically  any  type  of  mount.  Curves 
showing  the  forces  generated  by  the 
simple  harmonic  motion  of  a  test 
table,  and  the  forces  in  a  unit  vibrat¬ 
ing  resonantly  with  a  complex  har¬ 
monic  motion  are  shown. 

The  equipment  from  which  the 
curves  were  secured  is  the  Bendix 
railroad  model  MRT-1  communica¬ 
tions  transmitter-receiver.  The  test 
subjects  the  unit  to  forces  of  the 
magnitude  of  those  encountered  in 
severe  service  conditions  such  as  are 
encountered  in  switch-engine  instal¬ 
lations  and  freight  service  in  moun¬ 
tainous  regions. 

Referenci: 

(1)  Vibration  Control  for  Electronic  Prod¬ 
ucts,  Electronics,  p  134,  September  1945. 
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j  Freqaency-modulated  signals  from  the  APN-1  equipment  are  directed  earthward  from  an 

aircraft,  and  the  beat  note  between  transmitted  and  received  signals  is  measured  to  obtain 
I  an  indication  of  altitude,  accurate  to  a  few  feet  above  the  earth 

i  _ _ _ 


IN  1988  United  Airlines  demon¬ 
strated  to  the  press  a  radio  alti¬ 
meter  which  had  been  developed  by 
the  Bell  Telephone  Laboratories,  and 
which  revealed  the  height  of  an  air¬ 
craft  above  the  terrain  by  timing  a 
reflected  radio  wave.  The  word  radar 
had  not  then  been  invented,  and  the 
principle  employed  by  the  altimeter 
was  different  from  that  of  the  pulse- 
type  radaira  which  were  then  being 
developed  in  great  secrecy..  No  tech¬ 
nical  information  was  revealed  at  the 
time,  but  the  general  principle  of 


operation  was  described  in  several 
publications'*  *.  Shortly  thereafter 
censorship  was  imposed  on  further 
information. 

A  detailed  description  of  an  f-m 
radar  altimeter  may  now  be  given, 
following  the  recent  declassification 
of  the  model  AN/APN-1  altimeter. 
This  altimeter  was  installed  on  over 
100,000  Army  and  Navy  aircraft  dur¬ 
ing  the  war.  The  APN-1,  operating 
on  the  same  principles  as  the  equip¬ 
ment  demonstrated  before  the  war, 
was  designed  for  production  by  the 


Type  AVQ4  f*m  rodor  altfmatw,  ▼•nloa  of  tho  APN-1  oqulpmont  opproTod  by  CAA  for 

oommordcd  noo 


RCA  group  at  Camden.  The  alti¬ 
meter  is  one  of  two  widely  used  in 
wartime  aviation  (the  other  uses  the 
reflected  pulse  principle).  It  is  ex¬ 
pected  to  be  installed  on  commercial 
aircraft  following  recent  type  ap¬ 
proval  by  the  Civil  Aeronautics 
Authority. 

Prlaclplo  of  F-M  Rodor 

Frequency-modulation  radar  de¬ 
termines  the  distance  to  a  reflecting 
surface  (in  this  case  the  ground 
beneath  the  plane)  by  measuring  the 
frequency  shift  between  transmitted 
and  reflected  waves.  While  the  wave 
is  traveling  to  the  surface  and  back, 
the  transmitter  frequency  is  chang¬ 
ing  under  the  influence  of  the  fre¬ 
quency  modulation.  When  the  re¬ 
flected  wave  arrives  back  at  the 
transmitter,  its  frequency  is  slightly 
different  from  that  then  being  trans¬ 
mitted.  The  transmitted  and  re¬ 
flected  signals  are  combined  in  a 
detector  and  the  frequency  difference 
between  them  developed  as  a  beat 
note..  This  frequency  difference  be¬ 
comes  larger  as  the  distance  to  the 
reflecting  surface  becomes  greater. 
The  altitude  is  indicated  by  convert¬ 
ing  the  beat  frequency  into  a  distance 
indication. 

The  advantage  of  this  method  lies 
in  its  ability  to  measure  very  short 
distances,  down  to  a  few  feet  The 
minimum  detection  distance  in  the 
pulse  method  is  limited  by  the  length 
of  the  pulse.  Even  if  a  pulse  as  short 
as  0.2  microsecond  is  used,  the  mini¬ 
mum  range  is  one  hundred  feet 
Pulse  radi^  .thus  cannot  indicate 
altitude  during  landings  when  the 
height  of  the  aircraft  above  ground 
must  be  accurately  indicated  from  a 
few  hundred  feet  down  to  zero.  For 
indicating  higher  altitudes,  the  pulse 
method  is  useful  and  has  in  fact  been 
employed  in  a  high-altitude  instru¬ 
ment 
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1 — ^Tlm*  cmd  fr«qu«nqr  relationships  when  o  triangular 
modulation  onTolope  Is  omployod  in  on  l-m  radar  systom.  Trans* 
mittod  and  roc^Tod  signals  *'*>*"**«"•  to  giro  od  boot  nolo 
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FIG.  2 — Time  and  iro<iuonqr  rolottonships  when  the  modulation 
onTolopo  is  sinnscddal.  The  ororogo  boot  note  corresponds  to  the 
constant  beat  oi  die  triongnlar  ease  (Fig.  1) 


of  the  triangular  waveform  ia  AC 
and  half  its  base  is  1/(2/.) »  where 
fm  is  the  frequency  of  the  modulation 
envelope.  The  ratio  of  the  height  to 
half  the  base  is  2AC/»  and  this  is 
equal  to  the  frequency  difference 
divided  by  the  time  difference: 


-  itc 

where  AC,  and  A/  are  all  meas¬ 
ured  in  cps.  The  relationship  be¬ 
tween  frequency  difference  and 
height  is  then  found  by  rearranging 
Eq.  1 


(2) 

It  will  be  noted  that  the  sensitivity 
of  the  indication,  in  cps  frequency 
difference  per  foot,  can  be  increased 
Lubber-line  Installation  of  radar  altimeter  dipoles  below  the  fuselage  of  a  Nary  Consoli-  by  employing  a  wide  frequency  devi- 

dated  PriTOteer  (PB4Y-2).  The  radomes  house  antennas  fpr  radar  countermeasures  ation  or  a  high  modulation  frequency, 

or  both.  In  the  APN-1  equipment. 

One  disadvantage  of  the  f-m  prin-  megacycles.  In  the  APN-1  equip-  AC  is  40  me,  /«  is  120  cps,  and  c  is 
ciple  is  the  fact  that  an  altimeter  ment,  the  center  frequency  is  440  me,  984  x  10*  feet  per  second,  and  hence 
designed  for  low-altitude  indication  and  the  deviation  is  plus  or  minus  A///i  is  19  cps  per  foot  of  altitude, 

cannot  indicate  very  high  altitudes  20  me  (AC  =  40  me)  on  the  low-  It  thus  appears  that  audio  fre- 

without  lowering  the  deviation  of  the  altitude  range.  quencies  up  to  7,600  cps  are  devel- 

frequency  modulation.  Hence,  two  The  dashed  line  in  Fig.  1  repre-  oped  in  the  beat  note  between  trans¬ 

scales  are  required  to  cover  all  opera-  sents  the  received  signal.  This  signal  mitted  and  received  signals,  provided 
tional  altitudes  and  in  early  equip-  is,  of  course,  frequency-modulated  by  that  heights  not  greater  than  400 
ments  there  was  a  chance  of  human  the  same  envelope .  since  the  signal  feet  are  encountered.  For  higher  al- 
error  in  reading  the  correct  scale,  preserves  its  form  during  reflection,  titudes,  up  to  4,000  feet,  a  lower  fre- 
Later  versions  of  the  equipment  pro-  but  the  received  signal  is  displaced  quency  deviation  AC  =  4  me  is  intro- 
vided  against  this  type  of  error.  in  time  by  the  reflected  interval,  duced  and  the  beat  frequency  is 

The  quantitative  relationships  which  is  equal  to  2h/c  where  h  is  the  thereby  reduced  to  1.9  cps  per  foot, 
which  govern  the  design  of  an  f-m  height  of  the  aircraft  above  the  ter-  The  maximum  beat  frequency  devel- 
radar  altimeter  may  be  derived  from  rain  in  feet  and  c  is  the  velocity  of  oped  is  then  the  same  (4000  x  1.9  = 
Fig.  1.  At  the  top  of  the  figure,  the  radio  wave  propagation  in  feet  per  7,600  cps). 

frequencies  of  the  transmitted  and  second.  As  ^  consequence  of  this  A.  minor  aberration  occurs  during 
received  waves  are  plotted  as  func-  time  displacement,  a  corresponding  the  period  between  reversal  of  the 
tions  of  time.  The  solid  line  repre-  frequency  displacement  occurs,  indi- 
sents  the  transmitted  frequency,  cated  by  the  vertical  separation  A/ 
which  is  modulated  by  the  linear  tri-  between  the  solid  and  dashed  lines, 
angular  waveform.  The  total  devia-  The  relationship  between  the  alti- 
tion  of  the  frequency  modulation  tude  h  and  the  frequency  difference 
(the  peak-to-peak  value  of  the  modu-  A/,  can  be  found  by  comparing  simi- 
lation  envelope)  is  indicated  as  AC  lar  triangles  in  the  figure.  The  height 
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transmitted  frequency  deviation  and 
the  corresponding  reversal  in  the  re¬ 
ceived  wave,  as  shown  in  Fig.  1.  The 
transmitted  frequency,  at  the  center 
of  this  period,  falls  to  a  value  equal 
to  the  received  signal,  which  is  then 
still  increasing.  At  this  instant, 
therefore,  the  beat  note  is  zero.  Dur¬ 
ing  this  crossover  interval  the  beat 
frequency  is  variable,  dropping  to 
zero  at  the  center.  However,  the 
duration  of  the  crossover  interval  is 
only  20  microseconds,  at  the  maxi¬ 
mum  altitude  of  4,000  feet,  compared 
with  42,500  microseconds,  the  half 
period  of  the  modulation  envelope. 
Consequently  the  crossover  effect  is 
negligible. 

In  practice  it  is  not  convenient  to 
modulate  the  frequency  with  a  tri¬ 
angular  envelope,  and  a  sinusoidal 
envelope  is  substituted.  The  situa¬ 
tion  is  then  that  shown  in  Fig.  2. 
The  frequency  difference  is  no  longer 
a  constant  between  crossovers,  but 
varies  in  the  manner  shown,  from 


zero  at  the  crossover  to  a  maximum 
which  occurs  when  the  transmitted 
frequency  is  passing  through  its 
center  value.  By  circuits  described 
later,  the  average  beat  frequency  is 
measured  and  this  value  corresponds 
with  that  produced  by  triangular 
modulation.  Equation  2  may  be  used 
to  predict  the  average  beat  fre¬ 
quency  A/  when  sinusoidal  modula¬ 
tion  is  used. 

In  installing  the  equipment  in  an 
aircraft,  care  must  be  taken  to  equal¬ 
ize  residual  delays  between  the  trans¬ 
mitting  and  receiving  inputs  to  the 
beat-note  detector.  The  distance  be¬ 
tween  the  inputs  is  not  zero  when  the 
wheels  of  the  aircraft  are  on  the 
ground,  but  is  equal  to  the  sum  of  the 
cable  lengths  between  detector  and 
the  two  radiators,  plus  the  physical 
reflection  distance  (amounting  to  a 
few  feet)  between  radiators  and  the 
ground  midway  between  them.  This 
residual  altitude  error  is  removed  in 
calibrating  the  instrument. 
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A  final  error  may  appear  when  the 
aircraft  is*  flying  over  very  smooth 
terrain  such  as  a  runway  or  smooth 
water.  Under  these  conditions,  the 
indicated  beat  frequency  shifts  back 
and  forth  by  an  amount  equivalent  to 
about  six  feet  when  the  actual  alti¬ 
tude  changes  by  six  inches  (one  quar¬ 
ter  wavelength  at  440  me).  When  the 
terrain  contains  a  rough  surface 
(projections  higher  than  six  inches) 
the  shift  is  averaged  out  and  the  in¬ 
dicated  altitude  is  the  correct  value. 
The  shifting  altitude  (known  as  fixed 
error)  may  be  quickly  recognized, 
and  the  correct  altitude  is  the  inter¬ 
mediate  value  between  the  limits  of 
the  shift. 

General  Layout  of  APN-1  Equipment 

A  block  diagram  of  the  essential 
elements  of  the  APN-1  altimeter  is 
shown  in  Fig.  3.  A  transformer- 
coupled  audio  oscillator  operating  at 
120  cps  drives  the  modulator  unit. 
This  is  a  mechanical  modulator  re¬ 
sembling  the  voice-coil  assembly  of  a 
dynamic  loudspeaker.  The  moving 
element  of  the  modulator  drives  one 
plate  of  a  balanced  capacitor  in  the 
transmitter  tank  circuit,  thus  pro¬ 
ducing  a  frequency-modulated  out¬ 
put.  Two  amplitudes  of  drive  are 
available,  one  for  40  me  total  devia¬ 
tion  (low-altitude  scale),  the  other 
for  the  reduced  deviation  of  4  me 
(high-altitude  scale). 

The  transmitter  itself  is  a  line-con¬ 
trolled  push-pull  oscillator  employ¬ 
ing  two  types  955  acorn  triodes.  The 
transmitter  produces  a  power  output 
of  about  100  milliwatts  at  a  center 
frequency  of  440  me.  Part  of  the 
transmitted  signal  is  passed  to  a  di¬ 
pole  transmitting  antenna,  mounted 
under  one  wing  of  the  aircraft.  An¬ 
other  portion  of  the  signal  is  injected 


FIG.  3 — ^Block  diagram  of  tho  APN-1  alti- 
metor.  The  beat  note  is  clipped  and  its 
overage  frequency  meosured  in  the 
counter  circuits 


FIG.  4 — ^Balanced  diode  detector.  The  dr* 
cuit  arrangement  is  insensitive  to  ampli¬ 
tude  modulation  which  may  arise  due  to 
passage  of  the  f-m  signal  through  the 
resonances  of  the  ciretdt  elements 
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directly  into  the  receiver  detector. 

The  head  end  of  the  receiver  is  a 
balanced  push-pull  detector  employ¬ 
ing  two  type  9004  acorn  diodes.  The 
balanced  detector  mixes  the  received 
and  transmitted  signals.  These  sig¬ 
nals  are  applied  respectively  in  push- 
push  and  push-pull,  an  arrangement 
which  avoids  mutual  coupling  be¬ 
tween  the  two  signals.  The  push- 
push  connection  is  a  rod  centrally  lo¬ 
cated  between  two  conductors  of  the 
detector  tuned  circuit,  and  the  push- 
pull  connection  is  a  coupling  loop. 
The  detector  circuit  is  balanced 
against  amplitude-modulated  signals 
and  hence  discriminates  against  am¬ 
plitude  variations  introduced  by  the 
passage  of  the  f-m  signals  through 
the  resonant  regions  of  the  tuned  cir¬ 
cuits  and  antennas.  The  details  of 
the  detector  are  shown  in  Fig.  4. 

The  audio-frequency  output  (beat 
note)  of  the  detector  is  passed  to  a 
three-stage  audio  amplifier  which  has 
the  frequency  response  characteris¬ 
tic  shown  in  Fig.  5.  The  low-fre- 
-quency  components  are  attenuated, 
since  the  amplitude  modulation  due 
to  resonant  effects  is  at  a  maximum 
at  the  modulation  frequency  (120 
cps)  and  its  lower  harmonics.  The 
gain  characteristic  also  equalizes  the 
amplitude  of  the  beat  note  as  a  func¬ 
tion  of  height,  since  the  received  sig¬ 
nal  is  strongest  when  the  aircraft  is 
near  the  ground  and  the  beat  note 
has  its  lowest  values.  The  a-f  gain 
continues  to  increase  above  7,600  cps, 
the  maximum  beat-note  frequency. 
The  high  amplifier  output  drives  the 
altitude  indicator  off  scale  when  the 
altitude  exceeds  400  and  4,000  feet, 
respectively,  on  the  low  and  high  al¬ 
titude  scale.  The  frequency  charac- 
tertistic  shown  is  obtained  by  the  use 
of  degenerative  feedback.  The  am¬ 
plifier  is  shock-mounted  and  is 
shielded  against  stray  r-f  pickup 
from  other  equipment. 

The  audio-frequency  output  of  the 
amplifier  is  converted  into  a  corres¬ 
ponding  direct-current  signal  for  al¬ 
titude  indication.  This  signal  also 
actuates  limit  relays  to  indicate  devi¬ 
ations  from  an  assigned  altitude  or 
to  control  the  automatic  pilot.  The 
conversion  process  begins  in  a  lim¬ 
iter  stage  which  converts  the  sinu¬ 
soidal  beat  output  (varying  in  fre¬ 
quency  in  accordance  with  Fig.  2) 
into  a  rectangular  wave  of  about  135 
volts  peak-to-peak  amplitude.  The 
purpose  of  this  limiter  is  to  remove 


FIG.  5 — Frequency  characteristic  of  the 
three-staqe  audio  omplifier  which  discrimi¬ 
nates  against  low-frequency  components 


FIG.  6 — Double-diode  counter  circuit,  which 
develops  a  positive  d-c  voltage  propor¬ 
tional  to  the  beat  note  frequency 
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amplitude  variations  which  may  per¬ 
sist  and  to  provide  sharp  leading 
edges  which  may  be  counted  in  de¬ 
termining  the  average  frequency  of 
the  beat  note.  The  limiter  stage,  an 
over-driven  amplifier,  limits  the  posi¬ 
tive  peaks  by  grid  current  and  the 
negative  peaks  by  grid  voltage  cutoff. 

The  output  of  the  limiter  stage  is 
passed  to  two  counter  stages,  which 
determine  the  average  frequency  of 
the  beat  note  by  counting  the  rectan¬ 
gular  waves.  The  first  counter  op¬ 
erates  the  altitude  indicator.  This 
circuit.  Fig.  6,  consists  of  a  double 
diode.  One  section  of  the  diode  passes 
the  positive  half-cycles  of  the  lim¬ 
iter  output,  charging  a  capacitor  and 
load  resistor  in  shunt.  The  resistance 
and  capacitance  values  are  so  chosen 
that  the  charge  on  the  capacitor  leaks 
off  through  the  resistor  at  a  rate  ap¬ 
proximating  the  conduction  of 
charge  through  the  diode.  Hence 
when  the  positive  rectangular  waves 
arrive  at  a  more  rapid  rate  (higher 
beat  note),  the  direct  voltage  across 
the  capacitor  tends  to  increase,  and 
vice  versa.  This  voltage  is  passed 
through  a  low-pass  RC  filter  which 
averages  the  direct  voltage  and  ap¬ 
plies  it  to  the  grid  of  the  output  am¬ 


plifier  tube.  A  milliammeter  in  the 
cathode  of  the  latter  tube  registers, 
over  a  range  of  5  milliamperes,  the 
average  value  of  the  direct  voltage 
on  the  grid.  This  meter  is  calibrated 
directly  in  feet,  0  to  400  and  400  to 
4,000.  The  scale  shown  is  switched 
synchronously  with  the  switch  which 
controls  the  total  deviation  of  the 
transmitted  signal,  so  it  is  not  pos¬ 
sible  to  misread  the  scale. 

A  part  of  the  voltage  across  the 
cathode  resistance  is  fed  back  to  the 
other  section  of  the  diode  in  the 
counter  circuit.  This  diode  passes 
the  negative  halves  of  the  limiter 
output  to  ground,  and  this  discharges 
the  coupling  capacitor,  leaving  it 
ready  to  receive  the  ensuing  positive 
half.  The  feedback  from  the  output 
amplifier  biases  the  diode  and  im¬ 
proves  the  linearity  of  the  indication. 

A  similar  counter  circuit  is  em¬ 
ployed  to  actuate  the  limit  relays.  In 
this  case,  however,  the  polarity  of 
the  diodes  is  reversed,  and  a  nega¬ 
tive  voltage  is  developed  across  the 
load.  The  amplitude  of  this  voltage 
is  substantially  proportional  to  the 
frequency  of  the  limiter  output  and 
hence  to  the  altitude. 

The  counter  voltage  is  passed  to 
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FIG.  7 — Circuit  diagram  of  tho  APN-1  ol* 
timotor  (dotoils  of  limit  switch  and  rang* 
switch  omitted) 


the  grid  of  a  self-biased  pentode 
stage.  Relays  in  the  plate  circuit  of 
this  tube  are  actuated  when  the  plate 
current  exceeds  certain  limits.  T^ese 
limits  are  set  by  the  operator,  who 
adjusts  a  potentiometer  which  ap¬ 
plies  bias  to  the  amplifier  stage.  This 
potentiometer  is  marked  in  feet  and 
is  set  at  the  altitude  at  which  it  is 
desired  to  fiy.  The  relays  remain  in 
their  normal  positions  if  the  plane 
remains  within  10  feet  of  the  selected 
altitude.  If  the  altitude  deviates  fur¬ 
ther  than  this,  the  counter  circuit  de¬ 
presses  or  elevates  the  bias  by  an 
amount  sufficient  to  operate  the  cor¬ 
responding  relay.  Three  lamps  are 
controlled  by  these  relays.  One,  white 
in  color,  lights  when  the  relays  are 
in  normal  position  (altitude  within 
10  feet  of  the  preset  value).  A  red 
lamp  lights  when  the  altitude  falls 
below  the  lower  limit,  and  a  green 
lamp  when  the  altitude  exceeds  the 
upper  limit.  (Corresponding  voltage 
impulses  are  available  to  control  the 
automatic  pilot  so  as  to  correct  alti¬ 
tude  changes. 


Physleol  Appaarosce 


Three  Indicating  units  appear  on 
the  instrument  panel  of  the  aircraft. 


or  at  some  other  convenient  point  in 
the  pilot’s  compartment.  They  are 
the  altitude  limit  control,  the  indi¬ 
cating  lamps,  and  the  indicator  dial. 
The  on-off  switch  and  range  switch 
are  provided  directly  on  the  face  of 
the  indicator.  The  total  weight  of  the 
equipment  is  about  25  pounds,  in¬ 
stalled,  and  it  consumes  about  2.5 
amperes  at  27.5  volts  d-c. 

The  accuracy  is  better  than  plus 
or  minus  five  percent  of  the  indicated 
altitude  above  terrain,  plus  or  minus 
the  six-foot  uncertainty '  previously 
mentioned.  On  the  high  range,  the 
fixed  error  is  plus  or  minus  60  feet. 

The  two  dipole  antennas  are  in¬ 
stalled  so  that  the  direct  transfer  of 
energy  from  one  to  the  other  is  mini¬ 
mized.  Usually  the  antennas  are 
placed  under  the  wings  on  either  side 
of  the  metal  fuselage.  The  antenna 
pattern,  when  the  reflecting  surface 
of  the  aircraft  is  taken  into  account, 
is .  a  broad  cardioid  which  illumin¬ 
ates  the  terrain  below  over  a  wide 
area.  The  f-m  altimeter  cannot  be 
relied  upon  to  detect  obstacles  dead 
ahead,  although  it  will  indicate  ris¬ 
ing  ground  and  thus  give  advance 
warning  of  high  ground  ahead. 

The  power  supply  includes  a  dyna- 


motor  for  plate  and  screen  voltages, 
regulated  by  a  gaseous  regulator 
(type  VR  150-30).  The  filaments  of 
the  tubes  are  connected  in  series 
parallel  across  the  27-volt  supply.  The 
complete  circuit  of  the  APN-1  alti¬ 
meter  is  given  in  Fig.  7. 

A  model  of  the  APN-1  has  been 
approved  by  the  Civil  Aeronautics 
Authority  for  use  in  commercial  air¬ 
craft.  This  equipment  incorporates 
an  automatic  frequency  response  con¬ 
trol  in  the  audio  amplifier.  At  low 
altitudes  when  no  high  frequencies 
are  present  except  those  due  to  noise, 
it  is  advantageous  to  reduce  the  high- 
frequency  gain.  Conversely,  at  high 
altitudes,  high-frequency  gain  is  re¬ 
quired  to  amplify  the  weak  beat  note. 

The  editors  wish  to  express  thanks 
to  Russell  Newhouse  of  the  Bell 
Telephone  Laboratories  and  H.  J. 
Markley  of  the  RCA  Service  Com¬ 
pany,  for  information  on  which  this 
article  is  bas^. — D.G.F. 


References 


(1)  Aircraft  Radio,  1989,  ELacraoNics, 
Jan.  1989,  p.  10. 

(2)  Matsuo,  Sadahiro,  a  Direct  Readinc 
Radlo-Wave-ReflectinK-Type  Absolute  Alti¬ 
meter  for  Aeronautics,  Proe.  IRMt  p.  848, 
July  1988. 


134 


April  f944~  ELECTRONICS 


High  Speed  Oscillograph 


Oscillograph  for  transient  measurements  has  rapid  writing  speeds,  in  excess  of  50  centi¬ 
meters  per  microsecond.  Simultaneous  viewing  of  cathode-ray  tube  screen  hy  recording 
camera  and  operator  facilitates  positioning  and  focusing  the  trace  between  measurements 


By  N.  ROHATS 

General  Engineering  and  Contulting  Lab. 
General  Eleetrio  Company 
Schenectady,  N.  Y. 


High  writing  speed  oscillography 
capable  of  recording  transient 
voltage  or  current  wave  shapes  has 
become  an  indispensable  tool  of  high- 
voltage  engineering.  That  section  of 
high-voltage  engineering  which  deals 
with  the  behavior  of  circuits  or  ap¬ 
paratus  under  transient  conditions 
requires  laboratory  equipment  cap¬ 
able  of  producing  and  recording 
surge  voltages  and  currents  meas¬ 
ured  in  kilovolts  and  kiloamperes, 
with  time  scales  measured  in  micro¬ 
seconds.  The  transients  to  be  stud¬ 
ied  are  generally  produced  by  the 
discharge  of  a  number  of  capacitors 
in  series  and  the  recording  is  done  by 
some  form  of  cathode-ray  oscillo¬ 
graph. 

Oteillegrapb  F«at«r«t 

Based  on  experience  gained  in  op¬ 
erating  several  types  of  oscillographs 
in  which  the  film  was  inserted  in  the 
vacuum  chamber  of  the  cold  cathode, 
cathode-ray  tube  and  the  compart¬ 
ment  vacuum  pumped  after  each  load¬ 
ing,  an  oscillograph  was  designed 
around  a  hot  cathode,  sealed  off, 
cathode-ray  tube  (see  Euehni,  H.  P. 
and  Ramo,  Simon,  A  New  High 
Speed  Cathode  Ray  Oscillograph, 
Electrical  Engineering ^  June  1937,  p. 
721,  disc.  1401).  Changes  were  made 
in  this  oscillograph  as  experience  and 
special  requirements  suggested. 

The  features  of  the  resulting  oscil¬ 
lograph  suit  it  to  rapid  recording  of 
high-speed  transients.  The  single, 
sealed  off,  cathode-ray  tube  elimin¬ 
ates  delays  of  releasing  and  repump¬ 
ing  the  vacuum  and  the  problems  as¬ 


sociated  with  the  pumps.  A  small 
camera  for  photographically  record¬ 
ing  the  transients  portrayed  on  the 
screen  and  giving  records  about  20  to 
25  percent  of  screen  size  is  mounted 
in  front  of  the  tube.  New  rolls  of 
film  can  be  quickly  inserted.. 

Other  oscillographs  have  been  built 
containing  two  or  three  cathode-ray 


tubes  with  rotating  or  moving  film 
cameras,  and  with  cameras  taking 
full-size  pictures.  Optical  systems 
can  be  designed  to  have  separate  cam¬ 
eras  for  the  multi-tube  types  or,  by 
means  of  mirrors,  three  tubes  may  be 
covered  by  one  camera. 

The  cathode-ray  tube  is  mounted 
horizontally  in  a  magnetic  shield 


Cobln«t  hoiMM  magn«tlccdl7  ■htold»d  eathod^-ray  tub*.  swMp  qurolof.  oad  Ugb* 
Toltag*  pow«r  Bnpply.  Vollag*  xvgnlertor  at  bottom  ptoronto  Intorioronoo  from 
powor  lino  fluctuatloii.  Oporotor  cac  vlow  wa—a  during  iMts  from  a  standing 

or  sitting  position 
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Figure  2  shows  a  series  of  oscillo¬ 
grams  taken  for  plotting  the  volt¬ 
time  breakdown  curve  of  a  20-inch 
rod  gap.  Time  axis  and  deflection 
calibrations  are  also  given.  This  fig¬ 
ure  illustrates  the  sort  of  surge  test 
records  which  can  be  obtained.  The 
oscillograms  were  taken  about  as 
fast  as  the  surge  generator  adjust¬ 
ments  were  made.  The  fastest  writ¬ 
ing  speed  shown  in  these  records  is 
some  20  centimeters  per  microsec¬ 
ond.  For  inclusion  in  reports  these 
records  can  be  enlarged  to  suitable 
size.  For  tabulating  test  data  and 
measuring  voltage  and  time  values  it 
is  most  convenient  to  project  the  neg¬ 
atives  on  ruled  graph  paper. 

Oscillograms 

Figure  3  shows  a  record  of  the 
flashover  of  a  transformer  bushing 
on  the  front  of  the  wave.  The  oscil¬ 
lation  after  breakdown  required  a 
writing  speed  of  about  50  centi¬ 
meters  per  microsecond.  However, 
this  writing  speed  is  by  no  means  the 
available  maximum.  This  record  was 
taken  with  a  one  to  one  //3  lens  and 
those  in  Fig.  2  with  an  f/2  lens.  In 
the  course  of  our  laboratory  work, 
writing  speeds  of  several  meters  per 
microsecond  have  been  required  and 
easily  obtained  with  an  //1.5  lens. 
Such  performance  is  not  unusual  and 
does  not  require  additional  skill  on 
the  part  of  the  operator. 

Sweep  Tripping 

In  the  above  application  the  trip¬ 
ping  of  the  surge  generator  was  con¬ 
trolled  by  the  sweep  circuit  of  the  os¬ 
cillograph.  Another  problem  fre¬ 
quently  encountered  is  that  of  record¬ 
ing  a  surge  whose  time  of  occurrence 
cannot  be  controlled.  The  same  sweep 
circuit  used  for  surge  generator  work 
may  be  used  in  this  connection  be¬ 
cause  it  can  be  tripped  and  the  beam 
established  on  the  screen  with  a  loss 
of  only  0.2  to  0.3  microseconds.  This 
tripping  may  be  repeated  as  often  as 
sixty  times  a  second  if  repeated 
surges  are  required.  In  most  cases 
the  loss  of  of2  microsecond  is  unim¬ 
portant.  Where  necessary,  this  loss 
can  be  regained  by  connecting  a  de¬ 
lay  cable  between  the  surge  point 
and  the  deflection  plates. 

The  repeating  characteristic  of  the 
sweep  circuit  makes  possible  studies 
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FIG.  1 — Sweep  generator  can  either  trigger  or  be  triggered  by  transient  under 

obserrotion 


near  the  top  at  a  level  most  conven¬ 
ient  for  visual  observation.  The  cam¬ 
era  holder  has  two  eyepieces,  one 
above  the  camera  for  observation 
from  a  standing  position,  and  one  be¬ 
low  for  operation  from  a  sitting  posi¬ 
tion.  Image  focusing  and  continuous 
visual  checking  of  performance  can 
thus  be  made  without  delay  or  inter¬ 
ruption.  The  size  of  the  steel  cabi¬ 
net,  two  feet  square  and  five  and  a 
third  feet  high,  permits  building  a 
desk  or  table  around  it  for  more  con¬ 
venient  operation.  Power  and  deflec¬ 
tion  terminals  are  on  the  right  side. 
A  door  at  the  back  gives  easy  access 
to  all  parts. 

At  the  top  right  is  the  timing 
wave  oscillator,  giving  frequencies 


of  10,  50,  500,  and  5,000  kc  at  several 
hundred  volts.  At  the  upper  left  is 
the  d-c,  deflection  calibration  circuit 
having  a  single-wave  rectifier  and  a 
range  of  0-1,000  volts.  Below  the 
cathode-ray  tube  are  the  sweep  and 
beam  control  circuits  shown  in  Fig. 
1.  Rectifier  and  bias  arrangements 
have  been  omitted  for  simplicity. 
The  balanced,  thyratron-operated 
time  axis  generator  gives  sweeps 
ranging  from  one  to  2000  microsec¬ 
onds  duration.  In  the  bottom  is  the 
15-kv  voltage  doubler  cathode  d-c 
supply,  a  resistance  divider  for  ob¬ 
taining  potentials  for  other  tube  ele¬ 
ments,  and  a  constant  voltage  trans¬ 
former  to  insure  accuracy  despite 
fluctuating  line  voltage. 
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of  such  varied  phenomenon  as  high- 
frequency  vibrations,  lightning  or 
switching  surges,  and  ignition  cir¬ 
cuit  transients.  In  the  latter  case 
the  deflection  plates  may  be  con¬ 
nected  to  one  spark  plug  and  every 
spark  wave  shape  observed  on  the 
screen.  Then  the  effect  of  various 
operating  conditions  can  be  quickly 
determined.  Records  are  taken  either 
by  snapshot  exposure  of  the  station¬ 
ary  film  camera  or  by  using  a  mov¬ 
ing  film  camera. 

An  application  which  has  lately  be¬ 
come  important  is  the  measurement 
of  short  time  intervals  either  on  a 
single  or  repeating  basis.  A  deflec¬ 
tion  voltage  of  100  volts  is  ample  for 
indicating  a  point  along  the  time 
axis,  and  therefore  microsecond  in¬ 
tervals  between  phenomenon  in  one 
or  more  circuits  can  be  conveniently 
measured. 

Typical  Application 

In  Fig.  1  is  a  diagram  of  the  oscil¬ 
lograph  as  used  with  a  surge  gener¬ 
ator.  The  operation  is  as  follows: 
pushing  the  button  fires  the  positive 
sweep  thyratron  T,,  raising  its  cath¬ 
ode  from  about  —1500  volts  to  -1-3000 
volts.  This  change  of  voltage  has 
four  functions:  (1)  it  immediately 
trips  the  negative  sweep  tube  T, 
through  coupling  capacitor  C, ;  (2) 
it  provides  half  the  sweep  voltage  by 


charging  Ca  through  the  other 
negative  half  being  provided  by  Ca 
charging  through  Rai  (3)  it  estab¬ 
lishes  the  cathode-ray  beam  by  re¬ 
ducing  the  negative  bias  on  the  cath¬ 
ode-ray  tube  control  grid  through 
the  circuit  C4,  i?s,  Rtl  (4)  it  fires  the 
time-delay  thyratron  T,  at  some  time 
later  depending  on  resistance  and 
capacitance  Ca. 

The  firing  of  thyratron  T,  imme¬ 
diately  causes  the  large  thyratron  r« 
to  fire,  thereby  tripping  the  small 
surge  generator.  The  small  surge 
generator  has  an  output  of  about  70 
kv  which  is  enough  for  tripping  the 
control  gap  of  the  main  surge  gener¬ 
ator.  The  complete  tripping  is  ac¬ 
complished  with  such  precision  that 
no  variation  is  visually  noticeable  in 
the  position  of  the  surge  on  the 
screen  even  on  the  one-microsecond 
sweep.  For  such  precision  the  gaps  ^ 
of  both  the  tripping  and  the  main 
generator  have  to  be  preionized 
either  with  ultraviolet  light  or  w’ith 
corona. 

With  the  sweep  already  established 
and  in  motion,  the  surge  is  applied  to 
the  vertical  plates  where  it  can  be 
observed  and  simultaneously  re¬ 
corded  photographically.  Several 
hundred  such  records  may  easily  be 
obtained  in  an  eight-hour  day,  as¬ 
suming  normal  time  to  prepare  each 
test  point. 


0  0.25  0.50 


MICROSECONDS* 


FIG.  3 — ^Record  of  high-Toltage  tromsformer  floshoTor 
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Giounded-Grid  Power 


Radio-frequency  power  amplifiers  using  grounded-grid  circuits  operate  at  higher  frequen¬ 
cies  and  can  handle  wider  bandwidths  than  capacitance-neutralized  grounded-cathode  cir¬ 
cuits.  These  advantages  suit  the  grounded-grid  circuit  to  television,  f-m,  and  industrial  uses 


ByE.  E.  SPITZER 

Engineering  Department,  RCA  Victor  Dit'ieion 
Radio  Corporation  of  America 
Lancaeter,  Pa, 


POWER  AMPLIFICATION  at  high 
frequencies  has  always  been  a 
difficult  technical  problem.  As  the 
frequency  is  increased,  the  problems 
become  more  difficult.  A  number  of 
these  problems  can  be  alleviated  by  a 
novel  circuit  which,  undoubtedly,  is 
destined  to  be  used  widely  in  the 
high-frequency  field.  This  circuit  is 
often  called  the  grounded-grid  cir¬ 
cuit,  and  while  it  is  not  new  it  has 
not  until  recently  received  the  at¬ 
tention  it  deserves.  The  purpose  of 
this  article  is  to  call  attention  to  this 
eircuit,  point  out  its  advantages  and 
characteristics,  and  show  how  such  a 
circuit  is  designed. 

There  are  three  practical  ways  of 
utilizing  a  triode  as  an  amplifier.  The 
most  common  way  is  to  apply  the  in¬ 


put  signal  between  grid  and  filament 
terminals  and  take  output  from  plate 
and  filament  A  second  way  is  to 
apply  input  to  grid  and  plate  and 
take  output  from  filament  and  plate. 
This  type  of  amplifier  is  known  as  a 
cathode  follower.  The  third  way  is  to 
apply  input  to  grid  and  filament  and 
take  output  from  plate  and  grid. 
There  is  no  generally  accepted  name 
for  this  type  of  amplifier.  It  has 
been  variously  called  grounded-grid 
amplifier,  inverted  amplifier,  and 
common  grid  circuit  because  the  grid 
is  conunon  to  the  input  and  output 
circuits.  According  to  this  terminol¬ 
ogy,  the  normal  amplifier  would  be 
called  a  common  cathode  circuit,  and 
the  cathode  follower  would  be  a  com¬ 
mon  plate  circuit.  In  this  article,  the 


FIG.  1 — Circuit  cmd  poram«t*rs  of  groundod-^rid  r4  potror  ompliiior 


designation  grounded-grid  will  be 
employed  since  it  has  been  used 
fairly  widely. 

Problomt  of  Tub*  Dotlgn 

Consider  a  normal  triode  circuit 
with  input  applied  between  grid  and 
filament  and  a  tuned  output  circuit 
between  plate  and  filament  The  fila¬ 
ment  is  grounded.  It  is  well  known 
that  such  an  amplifier  will  oscillate 
by  itself  at  some  undesired  fre¬ 
quency  because  of  feedback  through 
the  grid-plate  capacitance  of  the  tube. 
The  cure  for  this  difficulty  is  neu¬ 
tralization.  However,  as  the  fre¬ 
quency  is  increased,  neutralization 
becomes  increasingly  difficult  to 
handle.  Because  feedback  is  caused 
by  capacitance  between  grid  and 
plate  and  because  any  external  neu¬ 
tralizing  circuit  is  isolated  from  the 
internal  capacitance  by  the  induct¬ 
ances  of  grid  and  plate  leads,  the  fre¬ 
quency  band  over  which  the  tube  can 
be  neutralized  becomes  nariower  and 
narrower  with  increasing  frequency 
and  finally  vanishes  altogether.  An¬ 
other  undesirable  effect  is  that  ca¬ 
pacitance  neutralization  serves  to  in¬ 
crease  the  input  and  output  capaci¬ 
tances  of  the  amplifier.  For  example  a 
push-pull  cross-neutralized  amplifier 
has  an  output  capacitance  per  tube 
equal  to  the  plate-filament  capaci¬ 
tance  of  th^  tube  plus  twice  the  grid- 
plate  capacitance.  This  resultant 
high  capacitance  narrows  the  r-f 
bandwidth  that  can  be  handled  or  it 
may  reduce  the  efficiency  of  the  am¬ 
plifier  because  of  excessive  circulat¬ 
ing  kilovoltamperes. 

Tetrodes  and  pentodes  were  de¬ 
veloped  to  overcome  the  foregoing 
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FIG.  2 — Cut-oway  Ttow  showing  msthod  of 
extending  grid  cylinder  to  complete  the 
shielding  between  iilconent  and  plate  cir¬ 
cuits  in  a  trlode  especially  designed  for 
grounded-grid  circuits 


difficulties.  In  these  types  of  tubes, 
the  screen  and  suppressor  shield  the 
control  grid  from  the  plate  so  that 
the  feedback  capacitance  is  low 
enough  to  make  neutralization  un¬ 
necessary.  However,  as  the  fre¬ 
quency  is  increased,  self-oscillation 
may  occur  if  the  screen  and  sup¬ 
pressor  leads  have  appreciable  in¬ 
ductance.  Then,  these  grids  cannot 
be  held  effectively  at  r-f  ground  po¬ 
tential  and,  as  a  result,  feed-through 
may  occur.  Twin  tubes  such  as  the 
RCA-829B  were  designed  to  over¬ 
come  this  difficulty.  In  a  twin  tube 
designed  for  push-pull  operation, 
screen  grids  and  cathodes  can  be 
intimately  connected  within  the  tube 
so  that  practically  no  inductance  is 
present  between  these  electrodes. 
Tubes  of  this  design  give  excellent 
performance.  The  only  difficulty  is 
that  tube  cost  for  a  twin-pentode 
tends  to  be  high  compared  to  the  cost 
of  triodes  or  triodes  for  equivalent 
power  output  capability. 

Cirevlt  Charaetaristies 

The  grounded-grid  circuit  is  a  way 
of  using  a  triode  which  reduces  the 
possibility  of  self -oscillation  without 
the  need  for  neutralization.  Figure 
1  shows  a  grounded-grid  amplifier 
circuit,  in  which  the  control  grid  acts 
as  shield  between  plate  and  cathode 
to  reduce  feedback  capacitance  Crr^ 
Thus,  the  control  grid  performs  one 
function  of  a  screen  grid  in  a  tetrode. 

A  second  characteristic  of  the 
grounded-grid  circuit  is  that  the 
driver  tube  and  output  tube  act  in 
series  to  supply  the  load.  In  Fig.  1, 
the  driver  produces  an  r-f  voltage 
Ea  across  the  input  terminals  of  the 


output  tube.  The  latter  has  an  r-f 
voltage  E,  across  its  plate  and  cath¬ 
ode.  These  voltages  are  180  degrees 
out  of  phase  with  respect  to  the  cath¬ 
ode  so  that  the  r-f  voltage  from  plate 
to  grid  and  also  across  the  output 
circuit  is  E,  -h  Eo*  If  Ir  is  the  funda¬ 
mental  component  of  plate  current 
180  degrees  out  of  phase  with  E,, 
and  lo  is  the  fundamental  compon¬ 
ent  of  grid  current  in  phase  with  Ea, 
the  following  relations  then  hold 

Power  delivered  to  load  circuit  = 
{E,  +  Eo)h 

Power  delivered  by  output  tube  = 

Driver  power  transferred  to  load  cir¬ 
cuit  =  Eglf 

Power  delivered  by  driver  circuit  *= 
Bail,  +  U 

Power  absorbed  by  output  tube  = 
EqIq 

It  is  apparent  from  these  relation¬ 
ships  that  driver  tube  and  output 
tube  act  in  series  to  supply  the  load 
circuit  Power  output  therefore,  is 


higher  than  would  be  expected  and 
the  conventional  efficiency,  based  on 
the  input  to  the  output  tube,  is  un¬ 
usually  high. 

The  foregoing  discussion  brings 
out  a  third  characteristic.  The  driv¬ 
ing  power  of  a  grounded-grid  ampli¬ 
fier  is  higher  than  when  the  same 
tube  is  used  in  a  normal  triode  cir¬ 
cuit  and  may  be  three  to  ten  times 
greater.  However,  this  increased 
power  is  not  lost ;  it  is  merely  trans¬ 
ferred  to  the  plate  circuit  and  ap¬ 
pears  as  output,  as  explained  above. 

Tabes  for  Groaaded-Grld  Clrealts 

A  fourth  characteristic  is  lower 
output  capacitance.  In  a  grounded- 
grid  circuit,  output  capacitance  is 
approximately  Car,  whereas  in  a  nor¬ 
mal  capacitance-neutralized  amplifier 
the  output  capacitance  is  more  than 
twice  this  value.  This  fact  is  most 
important  at  high  frequencies  be¬ 
cause  lower  output  capacitance  re- 
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suits  in  increased  r-f  bandwidth¬ 
handling  capabilities  and  in  lower 
circulating  kva  in  the  output  circuits. 

All  of  the  foregoing  characteris¬ 
tics  are  advantageous  with  the  ex¬ 
ception  of  the  increased  driving 
power.  The  latter  is  a  disadvantage 
because  it  may  require  more  or  big¬ 
ger  amplifier  stages  in  the  transmit¬ 
ter  design.  Because  a  pentode  or 
beam  tetrode  does  not  have  this  dis¬ 
advantage,  the  field  of  application  of 
grounded-grid  amplifiers  is  at  fre¬ 
quencies  at  which  pentodes  are  not 
available  for  the  desired  power,  or 
where  the  cost  of  pentodes  is  greater 
than  the  cost  of  additional  driving 
stages  required  by  the  grounded-grid 
circuit.  Present  indications  are  that 
the  frequency  and  power  boundaries 
are  about  as  follows 


Power  in  Kw 
0.1 
25 
100 


Frequency  in  Me 
300 
30 
10 


For  the  stated  power,  the  grounded- 
grid  circuit  becomes  desirable  at  a 
frequency  above  that  listed. 

Most  of  the  characteristics  which 
make  a  triode  desirable  In  a  normal 
circuit  also  make  it  desirable  in  a 
grounded-grid  circuit.  However, 
there  are  some  additional  require¬ 
ments  for  a  good  grounded-grid  tube. 
It  has  been  stated  above  that  the 
grid  and  its  associated  external 
ground  plane  should  act  as  a  screen 
between  anode  and  cathode  and  their 
respective  circuits.  Therefore,  the 
tube  should  be  so  designed  that  the 
anode  and  cathode  connections  are 
on  opposite  sides  of  the  grid  con¬ 
nection.  For  example,  a  tube  which 
has  an  external  anode  with  the  grid 
terminal  insulated  from  one  end  and 
the  filament  terminal  insulated  from 
the  other  end  is  not  at  all  suited  for 
grounded-grid  operation.  On  the 
other  hand,  a  tube  such  as  the  9C21 
illustrated  in  Fig.  2  is  ideally  suited 
for  grounded-grid  operation  because 
the  grid  terminal  is  a  large  metal 
fiange  which  can  be  connected  to  a 
metal  shield  separating  the  anode 
circuit  from  the  cathode  circuit.  In 
addition,  the  grid  support  of  the 
9C21  has  very  low  inductance  and, 
therefore,  meets  the  second  require¬ 
ment  for  a  good  grounded-grid 
triode. 

Let  it  be  required  to  design  a 
grounded-grid  stage  utilizing  one 
9C21  triode.  The  tube  will  be  used  in 


the  circuit  shown  in  Fig.  1.  The 
manufacturer’s  data  show  the  fol¬ 
lowing  typical  operating  conditions 
for  normal  grounded-cathode  cir¬ 
cuits 

D-c  plate  voltage  =  17,000  v 
D-c  grid  voltage  =  —1,600  v 
Peak  r-f  grid  voltage  =  2,200  v 
D-c  plate  current  =  7.9  amp 
D-c  grid  current  =  0.9  amp 
Driving  power  =  1,800  w 
Power  output  =  100  kw 


Amplifier  Design 

It  is  first  necessary  to  obtain  the 
r-f  plate  voltage  ^swing  E^.  This  can 
be  estimated  from  the  fact  that  in  a 
properly  excited  class-C  amplifier, 
the  plate  voltage  will  swing  down  to 
the  value  of  the  peak  positive  grid 
voltage.  Because  the  value  of  the 
latter  is  equal  to  2,200  minus  1,600 
volts,  or  600  volts,  Ep  is 
2'*(17,000— 600)  =  11,600  volts  rms. 

Next,  the  fundamental  components 
of  plate  current  and  of  grid  current 
must  be  obtained  using  the  power 
output  and  driving  power  values 
given  above 


Ip  = 
and 
la  = 


100,000 

11,600 

1,800  V2 
2,200 


8.63  amperes 


1 . 16  amp. 


The  output  power  and  the  driving 


FIG.  3 — Rearrangement  of  circuit  of  Fig.  1 
shows  that  the  grounded-grid  amplifier  is 
similar  to  the  Colpitts  oscillator 


power  of  the  grounded-grid  stage 
can  now  be  calculated  from  the  rela¬ 
tions  given  earlier.  We  obtain 

Power  output  =  {Ep  ■+-  Eg)  Ip 


=  ( 11,600  +  8.63  =  113  kw. 

V  V2  ' 


Driving  power  =  Eg{Ip  -f  Ig) 

=  -^,(8.63  -}-  1.16)  =  15.2  kw. 

V2 

It  is  possible  to  change  the  power 
output  to  some  extent  by  varying  the 
grid  bias  and  the  grid  swing.  For 
example,  if  the  bias  should  be 
changed  from  —1,600  to  —2,000  volts 
and  the  grid  swing  by  a  like  amount, 
i.e.,  to  2,600  volts,  the  power  output 
would  be  116  kilowatts. 

A  grounded-grid  amplifier  stage 
can  go  into  self-oscillation,  particu¬ 
larly  at  high  frequencies,  because  of 
feedback  from  plate  to  cathode 
through  the  plate-filament  capaci¬ 
tance.  This  action  is  more  easily 
understood  if  the  amplifier  stage  is 
redrawn  as  a  Colpitts  oscillator  cir¬ 
cuit,  as  shown  in  Fig.  3.  Because  we 
are  dealing  with  the  worst  condi¬ 
tions,  inductive  tuning  only  is  as¬ 
sumed.  The  output  circuit  must  be 
inductive  at  the  oscillation  fre¬ 
quency,  as  the  following  analysis 
proves. 

Conditions  for  Oscillation 


It  is  well  known  that  circuit  re¬ 
actance  'between  filament  and  grid 
must  be  capacitative  and,  further¬ 
more,  should  be  at  least  one-fifth  the 
reactance  between  plate  and  fila¬ 
ment.  This  reactance  will  produce 
an  excitation  ratio,  that  is,  a  ratio 
of  plate  swing  to  grid  swing,  of  five. 
In  any  good  grounded-grid  tube,  the 
plate-filament  capacitance  will  be  so 
low  that  its  ratio  to  the  grid-filament 
capacitance  will  be  much  less  than 
one-fifth.  Thus,  to  produce  oscilla¬ 
tion,  the  input  circuit  must  be  in¬ 
ductive  so  as  to  reduce  the  effective 
capacitance  between  grid  and  fila¬ 
ment  to  a  value  about  five  times  that 
of  the  plate-filament  capacitance. 
With  tuned  input  circuits,  this  con¬ 
dition  can  easily  be  fulfilled.  Let  it 
be  assumed  that  this  condition  is 
exactly  fulfilled. 

The  total  tank  circuit  capacitance 
is  then 


Ct  =  CpF  -|- 


5  C gp  C PF 
Cap  5  CpF 


In  the  case  of  dC21,  this  capacitance 
would  be 


48  X  5  X  1  8 
48  -f  5  X  1 .8 


=  9.4  fifii 


Thus  for  this  100-kw  tube,  the 
tank  capacitance  for  parasitic  oscil¬ 
lation  is  only  9.4  /i/if,  a  value  which 
is  quite  small.  This  capacitance  will 
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PIQ.  4 _ Plate  modulation  characterietic  of  grounded-grid  r-i  FIG.  S — Class-B  power  amplification  characteristic  of  grounded- 

amplifier  grid  circuit 


store  only  appreciable  amounts  of 
power  at  high  frequencies.  Assume 
operation  at  a  frequency  of  20  me. 
The  reactance  of  Cr  is  then  850 
ohms.  If  the  tube  is  operated  at  12 
kilovolts  with  a  plate  swing  of  11.6 
kilovolts,  the  reactive  power  is 
(11,600/2)7850  =  80  kilovoltam¬ 
peres. 

We  also  know  that  oscillator  sta¬ 
bility  necessitates  an  operating  Q  of 
at  least  12.  Therefore,  in  the  above 
case,  the  circuit  could  be  loaded  to 
6,7  kw.  If  all  the  circuit  losses,  in¬ 
cluding  driving  power  and  any 
power  delivered  to  the  load,  are  less 
than  6.7  kw,  the  tube  will  oscillate 
with  certain  adjustments  of  the 
input  and  output  circuits.  If  we 
assume  that  the  normal  output  cir¬ 
cuit  loss  is  five  percent  of  100  kw, 
or  5  kw,  this  value  plus  the  driving 
power  and  the  normal  load  coupled  to 
the  tube  would  be  sufficient  to  make 
the  amplifier  stable  at  the  assumed 
frequency. 

ModalatloR  Characteristics 

When  plate  modulation  of  only  a 
grounded-grid  amplifier  stage  is  at¬ 
tempted,  a  characteristic  such  as 
illustrated  in  Fig.  4  is  obtained.  It 
will  first  be  noted  that  grid  current 
varies  widely  with  plate  voltage.  As 


the  plate  voltage  increases,  the  plate 
current  also  increases  and  causes  an 
increasing  load  on  the  driver  stage. 
Due  to  the  regulation  of  the  latter, 
driving  voltage  decreases  and  with 
it  grid  current.  This  decrease  of 
grid  current  is  quite  large  and  is 
characteristic  of  this  type  of  ampli¬ 
fier. 

Over  quite  a  range  of  plate  volt¬ 
age,  the  output  current  is  linear 
with  plate  voltage  as  in  the  case  of 
conventional  class  C  amplifiers. 
However,  at  low  voltages  load  cur¬ 
rent  departs  from  linearity  and  will 
not  be  zero  until  negative  values  of 
plate  voltage  are  reached.  This  phe¬ 
nomenon  is  due  to  the  fact  that  r-f 
driving  voltage  and  d-c  plate  supply 
voltage  are  in  series  as  shown  in 
Fig.  1.  As  a  result  the  plate  not  only 
has  a  d-c  supply  voltage  but  also 
simultaneously  an  r-f  supply  voltage. 
Therefore,  the  plate  current  and  the 
load  current  do  not  drop  to  zero  until 
a  value  of  negative  plate  voltage 
equal  to  the  value  of  the  peak  driving 
voltage  is  reached.  Accordingly,  the 
resultant  characteristic  of  modulat¬ 
ing  only  a  grounded-grid  stage 
shows  distortion  unless  one  is  satis¬ 
fied  with  partial  modulation.  To 
obtain  a  modulation  characteristic 
which  will  permit  100-percent  modu¬ 


lation,  -it  would  be  necessary  to  mod¬ 
ulate  simultaneously  one  or  more 
successive  stages. 

The  above  problem  is  of  little  prac¬ 
tical  consequence  because  amplitude 
modulation  is  rarely  used  at  the 
high  frequencies  for  which  the 
grounded-grid  circuit  is  particularly 
applicable.  The  problem  does  not 
exist  for  such  services  as  frequency- 
modulation,  television  and  industrial 
power. 

When  a  grounded-grid  amplifier  is 
used  as  a  linear,  class-B  r-f  amplifier, 
quite  satisfactory  results  are  ob¬ 
tained,  as  shown  in  Fig.  5.  Such  an 
amplifier  could  be  used  to  amplify 
television  signals. 
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Radium-Type  Vacuum 


Gas  molecules  are  ionized  by  alpha  particles  from  a  pellet  of  radium,  in  linear  relation  to 
gas  pressure,  and  the  resulting  ion  current  is  collected  and  measured  with  a  special  high- 
gain  d-c  amplifier  using  an  acorn  tube  and  having  up  to  10’*  ohms  input  resistance 


Alphatron  radium-type  Tocuum  909*  In  hm  on  cm  Industrlcd  hl9h*T<icunm  fnnuico> 
ro9istorln9  a  901  prouuro  of  6  mm  durin9  pnmpdown.  Tho  poUshod  motol  cylindor 
attached  to  the  pipe  at  the  r!9ht  contains  the  ionisation  chamber  (upper  section) 

cmd  the  probe  amplifier  sta9e 


PRESSUBE  measurements  in  the 
interval  between  one  micron 
and  ten  millimeters  are  required  in 
a  number  of  industrial  processes, 
some  of  which  are  indicate  on  the 
chart  in  Fig.  1.  The  chart  also  por¬ 
trays  the  intervals  covered  by  con¬ 
ventional  gages*  in  comparison  with 
the  range  of  a  radium-source  ion 
gage  described  in  this  article.  By 
utilizing  the  ionization  effect  of  ema¬ 
nations  from  a  small,  permanent 
radium  source,  this  gage  gives  indi¬ 
cations  of  gas  pressures  accurately, 
directly,  and  continuously  in  the  in- 
between  range  covered  only  by  the 
unwieldy  and  fragile  McLeod  gages. 

Since  the  ionization  effect  is  pro¬ 
duced  by  the  constant  flow  of  alpha 
particles  from  a  sealed  radium 
source,  there  is  no  filament  to  bum 


out  and  no  filament  current  to  set 
and  maintain.  Furthermore,  the 
gage  cannot  be  damaged  by  exposure 
to  atmospheric  pressure.  It  is  rug¬ 
gedly  constructed  of  all-metal  parts 
not  subject  to  breakage.  There  is  no 
degassing  to  be  done  when  the  gage 
is  turned  on,  and  the  absence  of 
mercury  vapor  eliminates  one  of  the 
common  contaminators  of  vacuum 
systems. 

The  use  of  the  ionization  effect  in 
the  high-pressure  range  avoids  the 
lag  in  readings  common  to  gages 
utilizing  the  principle  of  thermal 
radiation  and  gives  instantaneous 
response  to  pressure  changes.  Within 
the  three  standard  ranges  no  com¬ 
plicated  calibration  curves  are  re¬ 
quired  for  different  gases,  there 
being  a  linear  reaction  to  presaure. 


Gases  other  than  air  can  be  meas¬ 
ured  merely  by  applying  a  multiply¬ 
ing  factor  to  meter  readings. 

Since  air  and  water  vapor  give  so 
nearly  equal  ionization  currents,  the 
instrument  is  ideal  for  all  vacuum 
applications  involving  mixtures  of 
these  two  gases,  as  in  dehydration 
equipment.  If  the  gage  is  set  to  read 
total  pressure  of  a  50-50  mixture  of 
air  and  water  vapor,  it  will  be  accur¬ 
ate  within  approximately  7.5  percent 
for  all  mixture  ratios. 

At  pressures  above  about  25  mm 
the  recombination  of  ions  produced 
in  the  chamber  becomes  appreciable 
and  linearity  is  lost,  although  the 
gage  may  be  calibrated  for  pressures 
up  to  and  beyond  atmospheric,  as 
shown  in  Fig.  2. 

Throughout  its  linear  range,  when 
used  with  the  amplifier  to  be  de¬ 
scribed,  the  gage  measures  pressures 
with  three  scales  of  sensitivities: 
0-100  microns,  0-1  millimeter,  and 
0-10  millimeters.  Normally  the  com¬ 
bination  of  gage  and  amplifier  is 
calibrated  for  air  pressures,  while 
other  gas  pressures  are  determined 
by  the  use  of  conversion  factors; 
however,  the  scales  may  be  set  to 
read  directly  for  other  atmospheres 
where  this  is  desired.  Figure  3  shows 
the  relative  response  for  the  ordinary 
gases  encountered.  It  will  be  seen 
that  the  high  relative  response  to 
acetone  vapor  lends  itself  admirably 
to  the  acetone  technique  of  leak  de¬ 
tection  on  kinetic  vacuum  systems. 

Theory  of  Oporotloo 

Alpha  particles  emitted  by  a  ra¬ 
dium  source  collide  with  gas  mole¬ 
cules  in  the  ion  chamber,  producing 
approximately  33  ion  pairs  per  cm 
of  path  length  per  mm  air  pressure, 
per  alpha  particle.**  *  By  the  action  of 
an  electric  field  strong  enough  to 
effect  saturation  currents,  these  ioni 
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are  collected  at  a  rate  dependent 
upon  their  production,  and  thus  con¬ 
stitute  a  minute  current  whose  mag¬ 
nitude  is  a  linear  function  of  pres¬ 
sure.  Since  the  alpha  activity  of  a 
radium  source  in  equilibrium  with 
its  immediate  decay  products  is  con¬ 
stant  for  all  practical  purposes,  it 
only  becomes  necessary  to  measure 
these  currents  in  order  to  evaluate 
pressures. 

Some  10*  alpha  particles  per  second 
are  ejected  into  the  ion  chamber 
from  the  200-microgram  radium 
source  used.  With  a  mean  path 
length  of  5.5  cm  in  the  ion  chamber, 
it  is  predictable  that  approximately 
2  X  10  “  amp  of  ionization  current  is 
to  be  realized  per  millimeter  of  air 
pressure.  Since  the  recombination 
of  ions  is  a  function  of  collection 
field  strength  and  molecular  mean 
free  path,  an  increasing  fraction  of 


FIG.  1 — Pressur*  ranges  of  Tacuam  gagos  and  procotsas.  Solid  linos  indicate 
definite  regions  of  operation,  while  .dash-dash  lines  represent  regions  that  ore 
questionable  or  to  which  special  gages  may  extend 


the  ions  produced  will  be  lost  in  this 
manner  and  at  some  high  pressure 
the  deviation  from  linearity  will  be¬ 
come  detectable  for  any  one  set  of 
gage  conditions.  This  point  is  at  25 
mm,  for  the  present  design,  and  no 
further  increase  is  necessary  here 
for  this  is  well  within  the  operating 
region  of  simpler  pressure  gages. 

0-C  Amplifier  CIreelt 

The  essential  features  of  the  ra¬ 
dium-type  vacuum  gage  are  illus¬ 
trated  in  Fig.  4,  and  include  the 
following:  (1)  the  vacuum  chamber. 


a  brass  shell  with  suitable  vacuum- 
tight  insulators  and  provision  for 
making  connection  to  a  vacuum  sys¬ 
tem;  (2)  the  radium  source,  contain¬ 
ing  approximately  200  micrograms 
of  radium,  sealed  to  prevent  radon 
loss,  and  in  equilibrium  with  its 
immediate  decay  products;  (8)  ion 
collector  electrodes,  with  a  plate  elec¬ 
trode  being  used  to  produce  an  elec¬ 
tric  field  for  ion  collection,  and  a 
grid  essentially  at  ground  potential 
to  minimize  the  effect  of  electrical 
leakage  across  the  input  insulator; 
(4)  a  suitable  means  of  measuring 


fig.  2 — CoBbrotloB  cuttm  lor  oxtondod  rang*  of  radlnm-typo  ▼acnom  gogo. 
IndicoUng  poasIbUlty  of  moasuxlag  air  proMorM  woU  oror  otmosphorie  If 
operator  knows  whothor  ho  Is  dboro  or  bolow  tho  175-injn  psak  of  tho 
calihralloa  enrro.  Bongo  soiling  IV  on  tho  Instrumont  Is  nsod  for  thoso 
highsr-prsssnro  moosaxomonts.  A  soporoto  coUbrotlon  carro  mnsl  bo  pro- 
porod  for  eoch  gas.  using  a  McLood  or  boUows  gogo  os  o  stondord 


FIG.  3— CoBbrotton  cnrros  showing  Bnoor  por* 
fonnanco  of  gogo  oror  Its  throo  nofm<d  rongos. 
For  scolo  L  mnltlply  obsdsso  Tolnoo  by  10; 
for  scolo  m.  mnltlply  obsclsso  volnos  by  100 
ond  rood  os  microns  of  morenry.  Vdhioo  go 
cwTos  giro  roloSvo  roopoasg 
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the  minute  ion  current  produced. 

The  high-gain  d-c  amplifier  devised 
by  Shepard  Roberts*  lends  itself  ad¬ 
mirably  to  the  job  at  hand.  The  basic 
circuit  is  given  in  Fig.  5.  Once  the 
cathode  bias  (Ec)  has  been  adjusted 
with  no  input  current  h  so  that  the 
battery  voltage  is  equaled  by  the 
cathode  resistor  drop  Et  in  the  second 
stage,  there  will  be  no  output  current 
h  indicated  by  the  meter.  Now,  if  a 
minute  input  current  h  flows  through 
Ri  a  signal  voltage  Ei  is  developed. 
This  signal  voltage  is  opposed  by  the 
output  voltage  Eo,  so  that  the  net 
change  of  bias  on  VT^  is  \Eo  = 
El  —  Eo.  If  II  is  the  overall  gain  of 
the  circuit,  fx^Ea  =  Eo  =  fiiE,  —Eo). 
From  this,  E,  =  Eo(l  1//a). 


FIG.  4 — Cross-section  ol  ion  chamber, 
showing  location  oi  radioactire  source 
and  collector  electrodes 


If  the  gain  /i  be  made  large,  the 
factor  1//X  may  be  neglected  without 
sensibly  affecting  the  relationship. 
Then  Ei  =  Eo,  or  hRj  =  IoRo.  Re¬ 
arranging  gives  h  =  IoRo/Ri\  in 
other  words,  the  calibration  (current 
amplification)  is  a  matter  of  resistor 
ratios  only  and  is  independent  of 
widely  changing  tube  characteristics 


so  long  as  the  gain  remains  high.  At 
the  same  time  the  potential  of  the 
input  grid  with  respect  to  ground  is 
changed  only  by  i^///A,  thus  minimiz¬ 
ing  the  effect  of  electrical  leakage 
across  any  insulator  in  the  input 
circuit. 

If  a  200-microampere  meter  is 
used  to  indicate  h,  it  is  possible  with 
resistor  ratios  of  10’  to  measure 
2  X  10  “  ampere  at  full-scale  deflec¬ 
tions.  This  is  the  order  of  ion  cur¬ 
rents  realized  from  the  gage  at  100 
microns  of  air  pressure. 

Experimental  and  Production  Models 

Originally  the  Roberts  circuit  was 
trfed  with  a  6C6-6K5  tube  lineup  and 
found  satisfactory  for  gage  opera¬ 
tion  at  0-1  mm  and  0-10  mm  sensi¬ 
tivities.  In  this  version  a  single 
1,000-megohm  input  resistor  was 
used  in  conjunction  with  switchable 
1,000  and  10,000-ohm  output  resist¬ 
ors.  The  amplifier  then  operated  on 
0.2  and  2.0  volts  of  signal. 

To  obtain  a  third  scale  by  using  a 
100,000-ohm  output  resistor  would 
require  20  signal  volts  on  the  same 
basis  and  since  the  battery  is  only 
22i  volts,  this  means  of  attaining  an 
additional  range  is  not  satisfactory. 

By  the  same  token  one  cannot  go 
in  the  other  direction  to  operate  on 
a  0.02-volt  signal.  For  a  0.2-volt  sig¬ 
nal  and  a  /u,  of  100,  we  obtain  ^Eo  = 
E,/  jx  0.2/100  =  2  millivolts  for 
full-scale  deflection.  Hence  for  one- 
percent  scale  deflection  only  20  micro¬ 
volts  of  \Eo  are  required.  This  was 
found  by  experience  to  be  the  lower 
limit  that  gave  stable  operation,  free 
from  zero-setting  drift  and  sporadic 
fluctuation.  Even  though  the  zero 
setting  may  drift,  the  current  ampli¬ 
fication  is  unaffected,  and  h  is  de¬ 
termined  by  simply  resetting  and 
then  reading.  Zero  is  reset  by  dis¬ 
connecting  the  input  and  adjusting 
Ec  for  zero  /<>. 

No  attempt  was  made  to  measure 
the  inherent  grid  current  of  the  6C6 
first  stage  since  it  was  possible  to  use 
the  amplifier  after  adjusting  the 
value  of  heater  voltage  to  approxi¬ 
mate  the  circuit  values  given  in  Rob¬ 
erts’  article.  By  using  a  value  of 
2  X  10“  ohms  for  Ri,  the  amplifier 
was  pressed  to  its  limit. 

In  the  production  model,  the  first 
stage  of  the  amplifier  was  located  at 


FIG.  5 — Basic  d-c  ampliiier  circuit 


the  end  of  a  cable  in  a  probe  assem¬ 
bly,  since  it  was  considered  inadvis¬ 
able  to  attempt  piping  the  minute 
ionization  currents  from  the  gage  to 
the  amplifier.  The  need  for  three 
ranges  of  sensitivity  (0-100  microns; 
0-1  mm;  0-10  mm)  dictated  that 
some  means  of  switching  the  input 
resistors  be  provided  so  that  the 
entire  blind  spot  in  the  pressure 
spectrum  could  be  adequately  cov¬ 
ered.  This  was  first  effected  by  a 
switch  on  the  probe,  but  later  a  relay 
was  added  to  make  all  operations 
remotely  controlled. 

Acorn  Tnbos  Is  Used 

The  production  model  uses  a  type 
954  acorn  tube  in  place  of  the  6C6. 
The  simplicity  of  the  amplifier  de¬ 
pends  upon  realizing  comparatively 
high  voltage  gain  in  the  first  stage. 
The  second  stage  is  degenerative 
about  3  to  1,  and  the  overall  gain 
must  be  kept  up  to  negate  the  1/n 
factor. 

Acorns  have  been  used  before  in 
electrometer  circuits,'  but  the  signal 
has  always  been  applied  to  the  sup¬ 
pressor  grid  to  keep  the  inherent 
signal  grid  current  low,  and  conse¬ 
quently  the  gain  has  been  approxi¬ 
mately  unity.  Conceivably,  two  addi¬ 
tional  stages  (to  get  the  proper  feed¬ 
back  phase  relationship)  could  be 
added  to  attain  the  required  /x,  but 
this  becomes  somewhat  complicated 
because  of  the  need  for  batteries 
between  stages. 

ScrooH  Grid  Voltago 

r 

It  was  discovered  that  the  signal 
could  be  applied  to  the  control  grid 
on  the  954  and  still  obtain  a  low  in¬ 
herent  grid  current  with  appreciable 
gain  (flTm  =  90)  if  a  proper  value  of 
screen  voltage  were  chosen.  A  family 
of  curves  is  given  in  Fig.  6  showing 
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FIG.  6 — Operating  characteristics  of  tube 

the  relation  between  screen  voltage 
and  grid  current  at  various  values  of 
heater  voltage.  At  low  values  the 
grid  current  is  due  to  electron  collec¬ 
tion,  while  at  higher  values  positive 
ion  collection  predominates. 

To  measure  these  minute  grid  cur¬ 
rents,  the  amplifier  was  adjusted  to 
operate  at  full-scale  deflection  with 
0.2  volt  El,  so  that  with  a  10‘®-ohm 
input  resistor  each  microampere  of 
output  current  represented  10'“ 
ampere  of  //.  By  adjusting  Ec  with  a 
10*-ohm  input  resistor  for  zero  7©  and 
then  switching  to  10“  ohms  input, 
any  deflection  noted  will  be  due  to 
the  grid  current  h  developing  a  sig¬ 
nal  across  this  higher  Ri,  and  h  may 
be  evaluated  directly.  For  each  value 
of  heater  voltage  there  is  a  value  of 
screen  voltage  that  will  balance  posi¬ 
tive  ion  and  electron  collection,  so 


that  essentially  zero  grid  current 
exists.  This  screen  voltage  is  made 
adjustable  to  compensate  for  tube  to 
tube  variations,  and  is  set  by  a 
searching  method  so  that  no  deflec¬ 
tion  is  noted  when  switching  between 
10’*  and  10“-ohm  input  values. 

Controlling  Zero  Drift 

It  is  not  beyond  the  realm  of  possi¬ 
bility  to  regulate  the  three  variables 
— cathode  bias  voltage,  screen  grid 
voltage,  and  heater  voltage — to  such 
a  degree  that  zero  drift  becomes 
negligible.  On  the  basis  of  measure¬ 
ments,  the  arbitrary  operating  value 
of  3.7  volts  a-c  was  chosen  for  the 
heater  voltage.  By  operating  the  954 
under  the  above  conditions  it  was 
possible  to  improve  the  amplifier 
characteristics  over  that  experienced 
with  the  6C6.  At  the  same  time  the 
advantage  of  a  smaller  physical  di¬ 
mension  was  gained  so  that  all  the 
components  necessary  to  complete 
remote  control  could  be  incorporated 
in  a  compact  probe  assembly.  Fur¬ 
thermore,  If,  was  held  low  by  only 
partially  temperature-limiting  the 
emission,  and  therefore  the  warm-up 
time  was  materially  reduced.  The 
6C6  required  operating  at  full  6.3 
volts  to  start,  with  later  reduction 
to  operating  values  to  run;  other¬ 
wise,  the  amplifier  would  drift  for 


hours  before  temperature  equilib¬ 
rium  was  established.  With  the  954, 
the  amplifier  on  highest  sensitivity 
is  ready  to  operate  after  just  one 
minute  of  warm-up  and  will  drift 
only  5  percent  of  full  scale  to  its 
final  equilibrium  in  the  next  five 
minutes. 

Two  relays  and  two  high-value  re¬ 
sistors  complete  the  major  compo¬ 
nents  of  the  probe  assembly.  The 
upper  relay  mechanism  operates  to 
disconnect  and  ground  the  ion  cur¬ 
rent  input  to  the  tube  grid  so  that 
the  amplifier  may  be  zero  balanced. 
The  lower  relay  serves  to  connect 
the  low  side  of  the  10*'-ohm  resistor 
to  the  10“-ohm  resistor,  thus  chang¬ 
ing  the  value  of  Ri.  This  low  end  of 
the  10*-ohm  resistor  must  be  held 
above  ground  by  at  least  10'®  ohms 
when  in  the  open  position  so  that  the 
10“-ohm  resistor  will  not  be  appreci¬ 
ably  changed  in  its  value  by  shunt¬ 
ing.  Therefore,  this  end  is  left  float¬ 
ing,  with  no  supporting  insulator. 

Control  Panel 

A  ten-wire  cable  connects  this 
probe  assembly  to  the  control  panel, 
as  shown  in  Fig.  7.  In  this  unit  are 
located  the  power  supply,  controls, 
second  stage,  battery,  and  output 
meter.  The  four-inch  meter  is  a  200- 
microampere  movement  with  ap- 


Rear  <Hew  of  chassis  of  control  unit  for  gage,  and  closeup  of  954  amplifier  stage,  located  in  probe  head  along  with  two  gloss^ncosed 
high-Tolue  resistors  (98  and  10.820  megohms  here),  and  two  switching  relays.  This  unit  fits  under  the  ionisation  chamber 
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proximately  300  ohms  impedance, 
calibrated  0-1  mm  with  one  hundred 
divisions  so  that  the  instrument  may 
be  adjusted  to  read  pressures  di¬ 
rectly.  Since  the  battery  drain  under 
the  worst  conditions  can  only  be  400 
microamperes,  the  life  in  this  appli¬ 
cation  is  practically  shelf  life.  Resru- 
lated  d-c  power  is  supplied  to  the 
amplifier. 

Sufilcient  control  of  the  partially 
limited  emission  in  the  first  stage  is 
obtained  by  an  ordinary  current  reg¬ 
ulator  tube.  To  accomplish  this  two 
filament  windings  are  connected  to 
give  11.8  volts  a-c  and  this  is  fed  to 
the  6-4B  regulator.  The  regulator  is 
then  loaded  with  a  ten-ohm  resistor 
to  provide  the  operating  value  of 
heater  supply  to  the  954.  In  use,  a 
properly  operating  regulator  over¬ 
compensates  slightly  for  changes  in 
line  voltages  so  that  the  net  zero 
shift  is  only  one  to  two  percent  on 
the  highest-sensitivity  scale,  in  a 
direction  opposite  to  that  of  a  line 
voltage  change  of  ten  volts. 

ConpUt*  Cireilt 

The  6K5  second  stage  was  retained 
unchanged  with  the  exception  of  the 
addition  of  a  0.05-/if  capacitor.  This 
serves  to  remove  the  ghost  fiutter  of 
the  output  meter  needle  on  highest 
sensitivity.  The  complete  circuit  is 
given  in  Fig.  7. 

Three  controls  and  a  pushbutton 
are  provided  on  the  front  panel.  A 


rotary  power  switch  permits  warm¬ 
up  before  operation  and  insures  that 
the  battery  is  disconnected  in  the  oif 
position.  A  pushbutton  operates  the 
ion  disconnect  relay  in  the  probe  so 
that  the  amplifier  may  be  zero- 
adjusted  by  the  control  provided. 
Sensitivity  ratios  of  10  to  1  and  100 


TABLE  1.  OPERATING  VALUES 


Switch  Poe. 

III 

II 

I 

IV 

Range  in 

0-0.1 

0-1 

0-10 

nun  1 

Molt  Factor 

XO.l 

XI 

X  10 

B/ 

10>» 

lOM 

10* 

10* 

Ro 

10* 

10* 

10* 

10* 

Gorreot  in 

10* 

10* 

10* 

10* 

amp 

1  IrfuUaeale  2X10->> 

2X10-»* 

2X10-* 

2X10-*  1 

to  1  are  obtainable  with  the  final 
control  on  the  front  panel.  When  set 
to  range  I  (10  mm  full  scale),  this 
control  operates  the  switching  relay 
to  connect  a  lO'-ohm  input  resistor 
in  the  954  grid  and  simultaneously 
selects  a  3000-ohm  adjustable  Ro*  On 
range  II  and  III  (1.0  and  0.1  mm  full 
scale)  the  value  of  Rt  is  10*  ohms, 
while  25,000-ohm  and  8,000-ohm  po¬ 
tentiometers  respectively  are  used 
for  Ro*  These  variables  are  necessary 
to  allow  for  manufacturing  toler¬ 
ances  in  Ri  and  in  the  radium  sources. 
They  are  adjusted  under  operating 
conditions  to  read  the  gage  ion  cur¬ 
rent  as  air  pressure  directly. 

In  Table  I  are  shown  the  approxi- 
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FIG.  7 — Circuit  diagrcon  of  type  510  Alphotron  radium-type  Tacuum  gage 


mate  operating  conditions  for  use 
with  the  present  design  ion  cham¬ 
bers.  The  fourth  range  is  not  pro¬ 
vided  as  such,  but  it  is  obtainable  by 
using  the  Ro  value  for  range  II  with 
a  value  of  10*  ohms  for  R/.  A  switch 
on  the  rear  of  the  chassis  operates 
the  switching  relay  for  this  function, 
and  is  also  used  while  adjusting  for 
the  proper  value  of  screen  grid  volt¬ 
age.  Under  these  conditions  the  cali¬ 
bration  approximates  the  curve  in 
Fig.  2. 

Another  switch  in  the  rear  oper¬ 
ates  the  disconnect  relay,  making  it 
unnecessary  to  hold  the  zero-set 
pushbutton  depressed  during  adjust¬ 
ment  procedures.  Finally,  two  more 
controls,  a  coarse  zero  adjustment 
and  a  screen  grid  voltage  adjustment, 
complete  this  entirely  fiexible  ampli¬ 
fier. 

As  an  illustration  of  amplifier  sta¬ 
bility,  a  production  model  was  picked 
at  random,  balanced  for  zero  h,  and 
calibrated  with  a  gage  for  the  three 
pressure  ranges.  This  combination 
was  used  continuously  under  all 
pressure  and  line  conditions  for  one 
month,  during  which  time  the  net 
change  in  h  was  2  x  10'*  ampere,  or 
enough  to  give  only  one  division  of 
defiection  between  ranges.  The  maxi¬ 
mum  deviation  was  three  divisions 
of  defiection  on  highest  sensitivity. 


Applteatloas 

With  this  new  and  useful  gage  as 
a  tool  it  has  become  possible  to  gain 
important  knowledge  in  the  field  of 
industrial  high  vacuum.  Applica¬ 
tions  include  large-scale  bulk  dehy¬ 
dration,  in  one  phase  of  which  it  has 
already  become  indispensable.  New 
and  interesting  applications  for  this 
instrument  or  a  modification  thereof 
are  being  encountered  each  day,  and 
it  is  felt  that  here  is  not  only  a  pres¬ 
sure  gage  for  a  difficult  pressure 
interval  but  also  a  fundamental  tool 
to  be  used  on  the  gas  molecule. 
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TRANSIENT 
Delay  Line 


Design  criteria  for  a  pulse-delay  network  useful  in  radar, 
television,  or  test  oscilloscope  work.  With  highest  fre¬ 
quency  component  of  the  transient  known,  a  simple, 
graphical  solution  is  possible  for  required  values  of  induct¬ 
ance  and  capacitance 


By  JOHN  M. LESTER 

Engineer 

Sperry  Oyroecope  Co.,  Inc. 
Garden  City,  N.  7. 


FIG.  1 — ^Phase-shift  characteristics  for  one 
section  ore  shown  by  the  solid  lines.  The 
dashed  lines  show  how  the  slopes  Tary  as 
the  cutoff  frequency  is  approached,  ex¬ 
pressed  in  terms  of  Tu, 


WHEN  designing  special  elec-  faithfully  reproduced  at  the  output  to  p/Zitf  where  ^  is  the  phase  shift 
tronic  equipment,  it  is  often  after  the  required  time  has  elapsed,  in  radians  at  a  frequency  /.  No  phase 
necessary  to  provide  some  method  of  i#  #  f  Ph  shift  distortion  will  occur  if  the  phase 

delaying  or  storing  electrical  infor-  **  ®  "*  *"  ***  characteristic  of  the  filter  is  linear 

mation  for  a  given  length  of  time.  By  choosing  the  correct  value  of  up  to  the  highest  frequency  included 

If  this  memory  time  is  in  the  order  m  in  an  m-derived  low-pass  filter,  it  in  the  transient  signal.  By  placing 

of  microseconds,  an  electrical  net-  is  possible  to  obtain  a  phase-shift  sections  of  these  filters  in  cascade 

work  with  special  characteristics  characteristic  that  is  fairly  linear  any  desired  delay  can  be  obtained, 

can  be  designed  and  constructed  with  frequency  for  almost  the  entire  The  effect  of  m  on  the  phase-shift 
quite  easily.  Except  for  a  small  pass  band.  If  a  transient  signal  is  characteristic  of  one  section  is  shown 

amount  of  attenuation,  the  signals  passed  through  this  filter,  it  will  be  by  the  solid-line  curves  in  Fig.  1.  p 

applied  to  the  network  input  will  be  delayed  in  time  by  an  amount  equal  is  plotted  against  (o/o).  for  various 

values  of  m.  The  broken-line  curves 
in  Fig.  1  show  how  the  slopes  of  the 
solid-line  curves  vary  with  (o/w,.  The 
ordinate  is  expressed  in  terms  of 
To)..  Because  ^  =  mT,  this  also  equals 
^/(<i)/a),).  We  see  that  when  m 
equals  1.4,  the  phase  shift  is  fairly 
linear  up  to  96  percent  of  the  cutoff 
frequency,  and  the  average  value  for 
Tod,  can  be  taken  from  the  curve  as 
2.73.  Tod,  will  never  vary  more  than 
±  2.93  percent  from  this  value  for 
frequencies  below  96  percent  of 
cutoff. 

Figure  2A  shows  a  T  section  of  an 
m-derived  low-pass  filter.  Substitut¬ 
ing  a  value  of  1.4  for  w,  we  get 
L\  -  mLk/2  »  0.7L»  (1) 

t'.  -  -  -  W6.6  (2) 

e  -  mC.  =  1 .4C»  (3) 

We  can  see  that  L',  is  negative. 
This  negative  value  of  L',  can  be 


■_  .  . _ _  .  .  , _  ^  .  ..  -  .  obtained  by  using  the  network  shown 

aa  axp«rim«ntol  d«loy  oait  of  nino  mcHoiis.  Ghoractorlstic  fanpodonco  la  500  ohms.  .  ° 

Thsro  is  a  total  doloy  of  1.5  mlctosoconds  for  a  tronsiont  horiaq  a  moxlmiiiii  fro*  Fig.  2B.  The  network  With  mutual 

qnoney  component  of  2.5  me.  The  tmU  is  nnstroted  dhoni  twice  normal  sbs  inductances  is  eQUi«elent  to  the  net- 
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work  of  2C.  Therefore 

mLt/2  =  L/2  +  3f  (5) 

mCk  =  C  (6) 

Substituting  Eq.  4  in  Eq.  5  we  get 

^  + (4^’)  = (^') 

Letting  To)*  =  2.73  which  is  the  value 
we  previously  determined  from  Fig. 
1,  then 

^  2.73 


Cutoff  Frequency 

This  derivation  shows  that  T  is 
inversely  proportional  to  the  cutoff 
frequency.  Referring  to  Fig.  2C,  the 
cutoff  frequency  of  an  w-derived 
filter  is 

“  X  V(L  +  2M)  C  +  4C  (-  M) 
Since  k  (coefficent  of  coupling)  =  M/L) 

then  fe  =  — 7^--  - 

X  V(LC  +  2fcL)  C  +  4  C  ( -fcL) 

_ 1 _ 

“  xV  (LC  +  2kL)  C  -  4kLC 

_ 1 

“xVcZTcr^^T^ 

®  Vcl-(i-a) 

Substituting  Eq.  9a  in  Eq.  8,  we 
get 

7=  1.36VcITr^^Wwhenm  =  1.4  (10) 

With  the  use  of  Eq.  10  the  time 
delay  of  an  m-derived  filter,  when 
m  =  1.4,  can  be  calculated. 

Terminating  the  Filter 

So  that  no  reflections  will  occur, 
it  is  necessary  to  terminate  the  filter 
correctly.  Assuming  the  filter  con¬ 
sists  of  pure  reactances,  then  the 
terminating  resistance, 

Ro  =  ^jLiM  (11) 

Substituting  Eq.  6  and  7  in  Eq.  11 

P  _  ir  (2m)  _  L  (2m^) 

^  JNmM-^  TC(m*+l)  (12) 
T  C/m 

Since  k  =  M/L,  then  from  Eq.  4 
and  7 

(m^  +  1)  f 

.  _  (4to)  *  m*  -  1 


(mi  4- 1) 


2  (m*  +  1) 


2ik  (m*  +  1)  =  m»  -  1 
2Jbm*  +  2ifc  =  m»  -  1 

1  +  2fc 
1  -  2Jb 


Substituting  in  Eq.  12,  we  get 
^  ^  (15) 

Substituting  the  value  of  1.4  for 
m  in  Eq.  14a,  we  see  that  k  =■  1/6. 

The  chart  shown  in  Fig.  3  is  based 
on  Eq.  10  and  15  which,  when  re¬ 
duced  to  their  simplest  form,  are 

T  =  1.11  Vie  1  ,  (16) 

_ >  when  m  =  1 .4 

/eo  =  i.15Vl/cJ  (17) 


L/2+M 


L/2+M 


FIG.  2 — Development  of  a  T  section  of  an 
m-derived  low-pass  filter.  (A)  The  value 
of  L's  is  shown  to  be  negative  and  is 
obtained  in  practice  by  the  circuit  of  (B). 
(C)  demonstrates  the  derivation  of  the  cut¬ 
off  frequency 


Suppose  we  have  a  transient  signal 
which  we  want  to  delay  one  micro¬ 
second.  We  want  the  impedance  of 
the  network  to  be  1,000  ohms.  Also 
the  highest  frequency  contained  in 
the  transient  signal  is  one  me.  What 
will  be  the  constants  of  the  network? 

Example 

Knowing  /„„,  we  first  determine 
the  maximum  delay  T  per  section 
realizable. 


Us*  of  Chart 

Knowing  the  delay  time  for  one  T 
section  and  the  terminating  resis¬ 
tance,  the  correct  inductance  and 
capacitance  for  the  filter  can  be  de¬ 
termined  from  the  chart.  As  many 
sections  as  desired  may  be  added  in 
cascade  to  give  any  time  delay  de¬ 
sired.  The  total  delay  will  be^T  times 
the  number  of  sections. 

It  must  be  remembered  that  the 
chart  is  fairly  accurate  only  if  it  is 
used  for  frequencies  below  95  per¬ 
cent  of  cutoff. 

Using  Eq.  8,  we  see  that 
^  0.435  X  0.95  0.41 

Jmai  ~  f  ~  (1®) 


Lj*mL,^/Z  L\  =  mL^^/2 

gLj-V  4^  /Lk 
C^=  mC,( 


L/2  L/2 


/  _  6-41  rr  _ 

fmax  —  1"  — 


=  0.41  X  10-''  sec 


j  max  —  y,  V..  j  ^  —  v/.i  i  iw 

The  number  of  sections  will  be  the 
total  time  divided  by  T,  or  10^/ (0.41 
X  10-")  =  2.44. 

Therefore,  three  sections  are  the 
minimum  to  be  used.  With  three  sec¬ 
tions  we  will  have  (10  V3)  =  0.33  x 
10  ®  seconds  delay  per  section.  From 
the  chart  we  can  determine  L  and  C. 
We  see  that  L  =  260/Ah  and  C  =  340 
/i/xf.  Therefore,  the  networks  will 
have  the  constants  shown  in  Fig.  4, 
when  k  =  1/6. 

Design  Considerations 

The  following  are  practical  prob¬ 
lems  that  must  be  taken  into  consid¬ 
eration  when  constructing  a  delay 
filter : 

(1)  Providing  small  attenuation. 

(2)  Obtaining  the  correct  coeffi¬ 
cient  of  coupling. 

(3)  Preventing  reflections. 

The  attenuation  of  the  network 
depends  upon  the  Q  of  the  capacitors 
and  inductors.  Usually  the  loss  due 
to  the  capacitors  is  negligible  and  can 
be  neglected.  The  attenuation  for 
frequencies  lower  than  95  percent  of 
cutoff  is  approximately  equal  to 
o)T/2Qi,  nepers,  where  T  is  the  delay 
time  in  seconds.  Qt  can  be  increased 
in  several  different  ways.  The  size  of 
the  wire  used  for  winding  inductors 
can  be  large.  However,  this  will  in¬ 
crease  the  physical  size  of  the  filter 
and  hence  increase  stray  capacitance 
between  coils.  If  the  frequencies  in¬ 
volved  are  in  the  order  of  100  kc  to 
4  me,  the  use  of  litz  wire  will  help 
to  increase  Qt.  Also,  Qi.  can  be  in¬ 
creased  by,,  using  powdered-iron 
cores. 

The  coefficient  of  coupling  can  be 
controlled  by  varying  the  spacing  be¬ 
tween  adjacent  coils.  The  spacing 
should  be  adjusted  so  that  the  coffi- 
cient  of  coupling  is  equal  to  0.16. 

Unless  the  network  is  terminated 
in  its  characteristic  impedance  or  a 


148 


April  1946  —  ELECTRONICS 


RiSMISiSllfiWiniaiBSBillSIl 

is»i»«eEiaiS!«»aeffi«wi 

^£t^4fsmwvsmmmsm 

msmssasmmmm 


IBIIiSi6i8»»SI»i»9iSI!SS 


aisi»i»i<»i<isitt«»»«anKa9sis«siMeiH9fi»iSfiBfW!«ainKaiSK9 

««SBS^tK8SaiS8i9IB!aeiB!ai?#I^^^ 


iSM0VH«mK9iBaB»ai»(!»i8»9»K!»>T<iH««sfir4»a5i!aie«»a>r<isii| 

SnB6»ISaiK»BSCRAi!BBa!ISK«i«i«ft:nBaiRfl6!^BaSll 

«BiS»IBKSlBiS’aiSi3&fiii8ei7^i^4Vawr<ISfia<?<«3S«SSBil 

Qa9Si»s«»SHmKaisisciSir<>ssffi«^ 

SS^&[SW^BISSSSiB6S»S&9£<SL«>M<^BS!g8aiBffiai8| 

HBiaBBia«aB«SBiaa»:s5QBa!i«aagiffS5>if»iSSSl 


10,000 


as  1.0  2.0  3.0  4.0  5.0  lO.O 

TIME  DELAY  IN  m  SEC 


1.0  0.5  0.4  0.3  0.2 

MAX  FREQUENCY  IN  MC' 


FIG.  3 — Chart  used  in  determining  the  value  oi  inductance  and  capacitance  of  the 
filter  when  time  delay  T  and  terminating  resistance  fio  ore  known,  accurate  only 
when  used  for  frequency  below  90  percent  of  cutoff 


close  approximation  to  it,  echoes  or 
reflections  will  occur  when  transient 
signals  are  inserted.  Usually  when 
several  sections  are  used  in  cascade, 
a  sufficiently  good  termination  will 
be  obtained  when  both  ends  of  the 
network  are  terminated  with  capaci¬ 
tors  equal  to  C/2.  However,  if  a 
more  perfect  termination  is  desired, 
a  half-7c  section  where  m  =  0.6  can 
be  used. 

It  is  good  design  practice  to  try  to 
nse  a  network  as  low  in  impedance 


FIG.  4 — Three  T  sections  form  a  filter  net¬ 
work  to  delcry  a  transient  signal  10  micro¬ 
seconds.  Impedance  of  the  network  is 
1,000  ohms  and  the  highest  frequency  con¬ 
tained  in  the  tron^ent  is  1  me 


as  possible.  This  reduces  the  size  of 
the  inductors  and  hence  reduces  the 
stray  capacitance  between  coils  and 
permits  an  increase  in  the  Q  of  the 
coil,  in  turn  producing  less  phase  dis¬ 
tortion  and  less  attenuation. 
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FOUR-CHANNEL 


Top  chossis  Tiew  of  the  four-channel  electronic  switch,  showing  the  ring-counter  and 
gate-amplifier  tubes  at  the  right  and  the  crystal-oscillator  trigger  drcuit  tubes  near 
the  front  panel.  The  wide-bond  ompliiier  tubes  ore  type  807 


The  cathode-ray  oscilloscope  has 
in  recent  years  become  an  in¬ 
dispensable  tool  for  the  research 
worker  and  the  engineer.  The  value 
of  this  equipment  and,  concurrently, 
the  reason  for  its  success  can  be 
attributed  almost  wholly  to  its  in¬ 
herent  versatility,  a  factor  that  is 
being  constantly  enhanced  by  the 
development  of  auxiliary  circuits 
and  modified  cathode-ray  tube  types. 

One  application  of  considerable 
importance  in  research  work  is  mul¬ 
tiple-channel  cathode-ray  oscillo¬ 
scope  recording  which  has  become 
invaluable  for  the  simultaneous 
study  of  several  interrelated  phe¬ 
nomena  of  transient  character.  The 
most  satisfactory  method  that  has 
been  employed  for  this  purpose  up 
to  the  present  time  has  been  pho¬ 
tographic  recording  of  the  traces  of 
several  cathode-ray  tubes.  The  ob¬ 
vious  disadvantage  of  this  type  of 
system,  however,  is  the  increase  in 
complexity  and  bulk  of  the  equip¬ 
ment  as  the  number  of  recording 
channels  is  increased. 

In  an  effort  to  circumvent  or 
minimize  this  disadvantage,  there 
have  been  two  developments  of  in¬ 


terest,  the  multiple-beam  cathode- 
ray  tube  and  the  electronic  switch. 

An  electronic  switch'*  •*•  is  a  de¬ 
vice  that  enables  simultaneous 
observation  of  two  separate  phe¬ 
nomena  with  the  aid  of  the  cathode- 
ray  oscilloscoi>e.  This  is  accom¬ 
plished  by  alternately  connecting 
the  respective  circuits  under  study 


TWO  CHANNELS 


SWITCHING  '4 
^FORMS 

ilS 


By  N.  A.  MOERMAN 

Potter  Instrument  Company,  Flushing,  N,  y. 

to  the  input  of  the  cathode-ray 
oscilloscope  by  electronic  means. 

This  device,  as  supplied  commer¬ 
cially,  is  valuable  for  a  number  of 
specific  applications,  but  has  sev¬ 
eral  disadvantages  for  general  use: 

(1)  Only  steady-state  or  recur¬ 
rent  phenomena  can  be  observed 
since  reliance  is  placed  upon  per¬ 
sistence  of  vision  or  still  photog¬ 
raphy  for  proper  interpretation. 

(2)  The  frequencies  of  the  wave¬ 
forms  under  study  must  be  related 
to  each  other  by  some  integral  mul¬ 
tiple. 

(3)  Transient  phenomena  can 
neither  be  viewed  nor  recorded  sat¬ 
isfactorily  because  of  the  low 
switching  frequency  normally  em¬ 
ployed  and  the  use  of  capacitance- 
coupled  amplifiers. 

(4)  The  number  of  circuits  that 
may  be  switched  is  normally  lim¬ 
ited  to  two,  although  by  intercon¬ 
necting  several  units  this  limitation 
can  be  overcome. 

Raqalranasts  of  o  Fe«r-ChaBR«l 
Rocordor 

The  need  for  a  four-channel  re¬ 
cording  system  imposed  a  unique 


PULSE 


OUTPUT 


_  GATE 
^^AMPLIFIERS 


FIG.  1 — ^Block  diagram  and  typo  oi  woroform  tor  a  atondard  aloctronic  awitch  and  the 
four-chonnal  awitch  daacribad  in  taxL  Tho  ring  counter  circuit  con  bo  doTolopod  lor 

a  chcmnola  oa  liidicatod 
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ELECTRONIC  SWITCH 


An  electronic  switch  permits  display  of  four  or  more  transients  at  once  on  a  conventional 
cathode-ray  oscilloscope  screen.  A  crystal-controlled  ring  counter  triggers  the  gate  ampli¬ 
fiers  which  switch  and  mix  signals  supplied  to  a  wide-hand  amplifier  in  the  equipment 


requirement  on  the  design  of  an 
electronic  switch,  as  indicated  in 
Fig.  1.  In  a  conventional  two- 
channel  electronic  switch,  a  multi¬ 
vibrator  supplies  the  required 
square-wave  switching  pulses  which 
alternately  bias  to  cut  off  the  re¬ 
spective  gate  amplifiers.  The  com¬ 
mon  plate  connection  between  these 
amplifiers  provides  the  point  at 
which  the  composite  signal  is  ap¬ 
plied  to  the  oscilloscope.  On  the 
other  hand,  the  n-channel  electronic 
switch  contains  n  generators  which 
supply  switching  pulses  consecu¬ 
tively  to  gate  amplifiers  1  to  n,  this 
cycle  of  operation  being  continu¬ 
ously  repeated.  The  duration  of 
each  switching  pulse  must  obviously 
be  1/n  times  the  period  for  each 
cycle  of  operation. 

Rlag  CeaaHr 

The  requirements  for  a  switching 
pulse  generator  have  been  con¬ 
veniently  satisfied  by  the  use  of  an 
electronic  ring  counter.  By  means 
of  this  system  it  becomes  theoreti¬ 
cally  possible  to  devise  an  electronic 
switch  for  an  infinite  number  of 
channels.  Practical  considerations 
have  restricted  our  application  to 
four  channels. 

An  electronic  ring  counter  may 
be  defined  as  a  series  of  square- 
wave  generating  circuits  (of  the 
Eccles- Jordan  type*)  so  arranged 
that  only  one  circuit  of  the  series  is 
in  the  on  position  at  any  instant. 
Trigger  pulses  applied  simultane¬ 
ously  to  all  the  circuits  pass  this 
condition  consecutively  to  each 
square-wave  generator,  the  cycle 
of  operation' continuing  as  long  as 
the  trigger  pulses  are  applied. 

The  on  position  of  a  pulse¬ 
generating  circuit  is  that  state  of 
the  circuit  from  which  a  positive 
switching  pulse  is  obtained.  A  suc¬ 
cession  of  trigger  pulses  applied  to 
the  counter  ring  results  in  positive 
switching  pulses  being  supplied 


FIG.  2 — Composite  iour-chcnmel  warelorm 
on  expanded  time  scale  (oboTe).  Interrol 
between  pulses  is  1/100.000  sec.  Below 
ore  phase  relations  among  the  switching 
pulses  of  the  four-channel  switch,  shown 
with  a  slower  sweep  freguency 


FIG.  3 — Oscilloscope  traces  resulting  when 
three  different  rignols  were  introduced 
through  the  four-chaimel  switch.  Top  trace 
presents  a  60-cps  square  wore  and  the 
bottom  a  60-cps  sine  wore.  No  signal  was 
applied  to  the  second-trace  input  A  600- 
cps  sine  wore  of  large  ompUtude  super¬ 
imposes  the  third  trace  upon  the  others. 
The  spacing  of  the  dots  is  controlled  by 
the  crystal  oscillator  and  allows  precise 
determination  of  the  slope  of  wonreforms 


consecutively  by  circuits  1  to  n. 
This  cycle  of  operation  is  continu¬ 
ously  repeated.  Since  all  gate  am¬ 
plifiers  are  normally  biased  beyond 
cutoff,  the  function  of  these  positive 
switching  pulses  becomes  that  of 
turning  on  the  respective  gate  am¬ 
plifiers.  Any  one  of  the  gate  cir¬ 
cuits  is  brought  into  the  conducting 
state  for  a  period  of  1/n  times  the 
switching  cycle  and  is  off  during  the 
remaining  part  of  the  cycle. 

The  phase  relations  between  the 
switching  pulses  for  a  four-channel 
electronic  switch  are  shown  in  Fig. 
1.  The  composite  waveform  is  again 
derived  from  the  common  plate 
connection  between  gate  amplifiers. 
Oscillograms  of  the  actual  wave¬ 
forms  obtained  are  reproduced  in 
Fig.  2. 

At  this  point  it  may  appear  that 
considerable  resolution  of  the  wave¬ 
forms  under  study  will  be  lost  be- 
caui^  of  the  relatively  short  period 
during  which  any  channel  is  active. 
This  would  be  of  some  concern  if 
the  switching  rate  were  comparable 
to  or  less  than  the  frequencies  con¬ 


tained  in  the  waveforms  under 
study.  This  apparent  difficulty  is 
largely  overcome  by  making  the 
switching  rate  as  high  as  possible. 
In  the  apparatus  described  a  switch¬ 
ing  rate  of  26,000  cycles  is  em¬ 
ployed. 

The  degree  of  resolution  actu¬ 
ally  obtained  with  the  four-channel 
electronic  switch  is  shown  in  Figs. 
3,  4,  and  5. 

Dasiga  Criteria 

The  chassis  contains  all  the  es¬ 
sential  elements  for  the  operation 
of  the  four-channel  electronic 
switch  with  the  exception  of  power 
supplies  and  the  necessary  pream¬ 
plifiers.  These  elements  are  (1)  the 
trigger  pulse  source,  (2)  the 
switching-pulse  generator  (ring 
counter),  (3)  the  gate  amplifiers, 
and  (4)  the  outi^ut  amplifier.  They 
are  described  in  detail  below. 

For  proper  operation  of  the  ring 
counter  a  source  of  trigger  pulses 
of  the  proper  frequency  and  shape 
is  required.  A  pulse  frequency  of 
100  ^  which  yields  a  switching 
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FIG.  4 — A  60-cps  square  wave  (top  line) 
recorded  with  a  reTolTing-drum  type 
camera  at  a  speed  oi  285  inches  per  sec 
(oboTe)  and  195  inches  per  sec  (below) 

rate  of  25,000  cycles  was  chosen. 

In  the  complete  four-channel 
switch  circuit  in  Fig.  6,  one  half  of 
tube  F,  (6SN7)  is  connected  with 
associated  components  to  form  a 
Pierce  oscillator.  The  other  half  of 
V.,  serves  as  a  square-wave  ampli¬ 
fier. 

Cireait  Details 

Differentiation  of  the  100-kc 
square  waves  is  accomplished  by  the 
RC  combination  composed  of  i2«  and 
C,.  Of  the  positive  and  negative 
pulses  resulting,  only  the  positive 
pulses  are  amplified  by  tube  V,, 
which  is  biased  to  cutoff.  Negative 
pulses  appearing  at  the  plate  of  Vi 
have  the  desired  characteristics 
noted  above.  These  are  applied  to  a 
common  bus  for  injection  into  the 
ring-counter  and  gate-amplifier. 

The  switching-pulse  generator 
(ring  counter)  is  composed  of  four 
6SN7  tubes  connected  in  standard 
Eccles-Jordan  square-wave  circuits 
with  the  addition  of  inductance,  Li, 
in  each  plate  circuit.  The  induc¬ 
tance  is  placed  in  that  side  of  the 
circuit  from  which  the  positive 
switching  pulse  is  derived.  A  con¬ 
siderable  improvement  in  the 
squareness  of  the  switching  pulse 
results  without  adversely  affecting 
normal  operation  of  the  circuits. 

Sqaar«-wava  GeR«rator  Circait 

An  Eccles-Jordan  circuit  (some¬ 
times  called  a  flip-flop  circuit)  has 
two  stable  states  such  that  for 
either  state  one  grid  is  at  cutoff  and 
the  other  at  zero,  so  that  one  tube 
is  off  while  the  other  conducts.  Of 
those  grids  in  the  ring  counter  that 
are  connected  to  the  source  of  trig¬ 
ger  pulses  only  one  grid  is  zero  at 
any  instant.  This  grid  is  associated 
with  the  circuit  that  is  on.  The  trig¬ 
ger  pulse  operates  on  this  grid  and 
flops  the  circuit  to  its  other  stable 


FIG.  5 — ^Photographic  recordings  of  signals 
fed  to  a  commercial  oscilloscope  through 
the  four-channel  switch,  only  one  channel 
of  which  is  used  here.  A  high  degree  of 
resolution  is  possible  well  obore  com¬ 
mercial  power  frequencies 

state  (off).  During  this  transition 
the  positive  rise  in  voltage  at  the 
left-hand  plate  is  applied  through 
Cl  to  the  cutoff-biased  grid  of  the 
succeeding  circuit,  which  is  then 
turned  on.  The  next  trigger  pulse 
operates  on  this  circuit,  which  is 
then  flopped  to  the  off  position  as  in 
the  case  of  the  preceding  circuit.  In 
this  way,  a  positive  switching  pulse 
is  generated  at  the  right-hand  plate 
of  each  circuit  during  the  sequence 
off -on-off. 

It  will  be  noted  in  the  schematic 
diagram  that  pushbutton  switch  S, 
has  been  inserted  between  the  two 
legs  of  the  square-wave  circuits, 
one  of  which  is  connected  in  reverse 
order.  This  provides*  a  front-panel 
control  for  initiating  the  proper  se¬ 
quence  of  operation  for  the  count¬ 
ing  ring  after  applying  power. 

Switching  thn  Pniset 

The  gate  amplifiers  serve  the  two¬ 
fold  purpose  of  switching  and  then 
mixing  the  signals  applied  to  their 
respective  inputs.  For  this  function 
the  type  6L7  tube  was  selected. 

At  the  outset,  it  was  felt  that  the 
inner  control  grid  of  the  6L7  would 
be  the  logical  point  for  introducing 


the  switching  pulse  since  cathode 
current  cutoff  could  then  be  as¬ 
sured.  This  arrangement  was  tried 
and  found  to  be  unworkable  be¬ 
cause  of  the  distortion  introduced 
by  applying  the  useful  signal  to  the 
second  control  grid.  The  functions 
of  the  two  control  grids  were  then 
reversed  and  a  great  improvement 
in  the  operation  noted.  The  disad¬ 
vantage  to  this  mode  of  operation, 
however,  is  the  incomplete  cathode- 
current  cutoff,  requiring  isolation 
of  the  screen-voltage  supplies  to  in¬ 
sure  minimum  coupling. 

Variable  resistor  Ri  in  the 
cathode  circuit  provides  a  means 
for  orienting  the  trace  on  the 
cathode-ray  tube  with  respect  to  the 
other  traces.  When  it  is  desired  to 
observe  less  than  the  four  available 
traces,  switch  S*  is  thrown.  This  in¬ 
troduces  a  large  resistor  (i?*)  into 
the  cathode  circuit,  which  then  de¬ 
flects  the  respective  trace  off  the 
screen. 

For  added  flexibility,  provisions 
are  made  for  restoring  normal 
single-trace  operation.  This  may  be 
desired  where  high-frequency  re¬ 
cording  and  good  resolution  are  re¬ 
quired,  and  is  made  possible  by 
operating  switch  S,.  This  shunts 
the  trigger  pulses  to  ground 
through  Ca  and  removes  the  bias  on 
the  operating  6L7  tube  by  connect¬ 
ing  its  second  control  grid  to 
cathode. 

Wide-Bond  Amplifier 

It  was  evident  early  in  the  de¬ 
velopment  of  the  apparatus  that  am¬ 
plification  of  the  composite  signal 
would  present  some  difficulty.  The 
problem  involved  is  that  of  ampli¬ 
fying  unidirectional  square-wave 
pulses  of  approximately  75  volts 
amplitude.  These  pulses  are  modu¬ 
lated  by  as  much  as  25  per  cent. 
Capacitance  coupling  could  not  be 
used  because  of  the  transient  d-c 
amplification  requirement.  Further¬ 
more,  it  was  found  to  introduce  in¬ 
terchannel  coupling. 

The  output-atnplifier  circuit  fi¬ 
nally  evolved  is  shown  in  the  sche¬ 
matic  diagram.  Triode-connected 
807  tubes  in  push-pull  were  selected 
because  of  their  large  signal-han¬ 
dling  capabilities  coupled  with  low 
distortion.  An  excessively  large 
common  cathode  resistor  (R»)  is 
employed  which  serves  two  im- 
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portant  functions:  The  cathode 
substantially  follows  the  grid,  there¬ 
by  absorbing  the  large  d-c  potential 
at  the  6L7  plates  and  miminizing 
undesirable  grid  loading  due  to  the 
direct  connection.  Phase  inversion 
is  also  conveniently  provided. 

The  grid  voltage  of  the  phase- 
inverter  tube  is  established  at  a 
point  on  a  voltage  divider  from  B-f 
to  ground  and  permits  orientation 
of  the  composite  signal  on  the 
cathode-ray  screen. 

There  is  linear  response  over  the 
useful  portion  (about  four-fifths) 
of  the  cathode-ray  tube  screen.  Con¬ 
tributing  to  this  is  the  high  value 
of  plate  voltage  (650  volts)  applied 
to  the  807  amplifiers. 

Recording 

For  the  recording  medium,  use  is 
made  of  a  DuMont  type  5LP5 
cathode-ray  tube  (blue  screen)  op¬ 
erating  at  maximum  voltage  in  or¬ 
der  to  attain  maximum  spot  inten¬ 


sity.  A  revolving-drum  type  camera 
using  a  single  strip  of  oscillograph 
recording  paper  (Eastman  No.  697, 
4  X  60  inches)  is  employed  with  an 
f  2.3  (three-inch  focal  length)  lens 
to  provide  a  one-to-one  image. 

Records  taken  with  this  appara¬ 
tus  are  illustrated  in  Fig.  4  and  5. 
The  cathode-ray  tube  voltages  were, 
in  this  ca’se,  only  three-quarters  of 
the  maximum  value.  These  records 
demonstrate  the  degree  of  resolu¬ 
tion  and  recording  intensity  that 
may  be  obtained. 

Interpretation  of  Records 

It  may  appear  disadvantageous 
that  the  steeply  sloping  portions  of 
recorded  transients  are  defined  by  a 
series  of  dots.  This  characteristic, 
however,  may  be  used  to  advantage 
where  it  is  desired  to  obtain  quan¬ 
titative  values  for  these  slopes.  For 
this  purpose  the  oscillator  has  been 
crystal-controlled,  thereby  accur¬ 
ately  fixing  the  time  between  suc¬ 


cessive  dots.  The  slope  measurement 
then  becomes  that  of  simply  meas¬ 
uring  the  vertical  distance  between 
successive  dots  and  dividing  by 
1/25,000  sec.  There  is  an  increase  in 
precision  attainable  in  this  way  as 
contrasted  to  the  normal  method,  by 
which  the  horizontal  component  of 
steep  slopes  must  be  determined. 
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FIG.  6 — Schematic  circuit  diagram  of  the  four-channel  electronic  switch,  showing  the  crystal-controlled  trigger 
pulse  source  and  output  amplifier  in  detail.  ConTentional  power  supplies  are  not  built  into  the  electronic  switch  unit 
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Expendable  radio  transmitter,  modulated  by  signals  from  an  underwater  magnetostriction 
hydrophone,  revealed  the  presence  of  submerged  submarines  to  patrol  ships  and  planes 
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Input  trcmsformur  and  two-*tag«,  r»^tanc*>capacltcmc«  couplud  ompUflnr  proTid*  high 
Toltage  gain  in  audio  circuit.  By  using  roactonco-tubo  froquoncy  modulation,  nogliglbls 
modulating  power  is  needed.  Reactance  tube  Irequency-modulotes  the  oscillator  in 
its  grid  tank.  Second  harmonic  from  oscillator  is  coupled  into  power-amplifier-doubler 
which  feeds  the  quarter-ware  whip  antenna 


Throughout  the  greater  part 
of  the  war,  the  German  sub¬ 
marine-menace  was  {Treat.  As  is  now 
well  known,  radar  was  highly  effec¬ 
tive  in  locating  U-boats  which  had 
surfaced  and  microwave  radar  could 
even  detect  a  submarine’s  periscope 
as  it  just  cleared  the  surface.  For 
underwater  detection  of  enemy  sub¬ 
marines,  destroyers  and  DE  boats 
used  sonar.  However,  both  radar  and 
sonar  required  that  a  signal  be  sent 
from  the  searching  plane  or  ship. 
Thus  the  searcher  revealed  his  pres¬ 
ence,  thereby  warning  the  enemy  to 
take  evasive  action.  The  sonobuoy 
enabled  searching  planes  and  ships  to 
locate  enemy  submarines  without  re¬ 
vealing  their  own  position. 

Tactical  Oparatloa 

The  sonobuoy  contains  an  un¬ 
derwater  microphone  or  hydrophone. 
This  hydrophone  picks  up  underwater 

Radio  transmitter  inclosed  In  the  buoy  is 
compactly  assembled.  Rubber  grommets 
proTidp  shock  mountings  for  many  of  the 
components.  Although  the  eqtdpment  is 
expendable.  It*  must  give  dependable  oper¬ 
ation  during  its  few  hours  of  life 


sounds,  such  as  propeller  noises,  from 
submarines.  The  pickup  range  de¬ 
pends  upon  the  state  of  the  sea,  and 
the  speed,  depth  and  type  of  the  sub¬ 
marine.  Range  varies  between  sev¬ 
eral  hundred  and  several  thousand 
yards.  After  amplification  the  signal 
from  the  hydrophone  frequency-mod- 
ulates  a  low-powered  radio  transmit¬ 
ter.  The  transmitted  signal  is  re¬ 
ceived  by  patrol  craft.  In  this  ingeni¬ 
ous  manner  a  radio  operator  on  or 
above  the  sea  hears  sounds  beneath 
the  surface  of  the  water.  The  sono¬ 
buoy  thus  combines  the  underwater 
detecting  abilities  of  sonar  and  the 
range  of  radio. 

In  locating  submarines  the  radio 
operator  of  a  patrolling  airplane 
throws  out  a  13i  pound  sonobuoy, 
first  pulling  out  the  39  inch  telescopic 
antenna,  an  action  which  also  con¬ 
nects  the  batteries  to  the  circuits. 
The  navigator  records  the  buoy’s  sea 
position.  A  24  inch  muslin  parachute 
opens  to  break  the  buoy’s  fall  and  to 
assure  that  it  strikes  the  sea  in  an 
upright  position  gently  enough  not 
to  damage  or  appreciably  detune  the 
radio  circuits.  The  buoy’s  striking 


the  water  releases  the  hydrophone, 
which  unreels  itself  to  a  depth  of 
20  ft.  A  bag  of  dye  spreads  a  colored 
blot  on  the  sea  so  that  the  patrol 
plane  can  more  readily  spot  the  buoy 
position. 

Several  sonobuoys  may  be  dropped 
in  a  “spread”.  Frequencies  of  the 
buoys  in  such  a  spread  differ  by  0.8 
megacycle.  Color  coding  of  the  buoys 
and  on  the  dial  of  the  ship's  sonobuoy 
receiver  correspond,  so  that  the  radio 
operator  can  quickly  tune  in  and 
identify  any  buoy  in  the  spread. 

By  listening  over  the  radio  the  op¬ 
erator  can  tell,  from  the  relative  loud¬ 
nesses  of  signals  from  buoys,  near 
which  buoy  the  submarine  is  lurking, 
or  in  which  direction  it  is  moving. 
While  a  submarine  is  under  attack 
the  operator  hears  the  explosions  and 
even  sounds  of  the  submarine  break¬ 
ing  up  when  the  attack  is  successful. 
Recordings  of  these  sounds  are  evi¬ 
dence  of  a  kill. 

A  soluble  carbowax  plug  in  the 
buoyant,  watertight  sonobuoy  case 
dissolves  in  a  few  hours,  and  the  ex¬ 
pendable  transmitter  sinks,  thereby 
preventing  the  enemy  from  recover¬ 
ing  it.  Power  supply  batteries  were 
designed  to  have  such  a  life  that  they 
are  about  exhausted  when  the  buoy 
floods  and  sinks. 

Cirealts 

The  hydrophone  used  in  the  sono¬ 
buoy  consists  of  a  waterproof-wire 
winding  on  a  magnetized-nickel  cyl¬ 
inder.  Sound  waves  produce  elec¬ 
trical  voltages  by  magnetostriction. 
Approximately  three  microvolts  of 
audio  signal  is  fed  by  a  high-ratio 
stepup  transformer  to  a  two  stage 
amplifier  which  is  flat  from  200  to 
10,000  cps  and  down  about  12  db  at 
200  cps. 

A  reactance  tube  frequency-modu- 
lates  the  tank  of  the  electron-coupled 
Hartley  oscillator.  The  oscillator  op¬ 
erates  in  the  vicinity  of  18  mega¬ 
cycles,  with  the  plate  tuned  to  the 
second  harmonic.  In  the  r-f  amplifier 
this  frequency  is  again  doubled.  The 
transmitter  signal  is  thus  in  the  70 
Megacycle  range,  and  has  a  76  kilo¬ 


Sonobuoy.  shown  horo  in  block-diagram  form,  is  a  comploto.  compact  i-m  tronsmittor 


On  striking  tho  wotor  a  sonsitiTO  button  in 
tho  bottom  of  tho  4%  by  40-inch  sonobuoy 
reloosos  tho  hydrophono  downward  on  a 
coblo.  Bottorios,  tumod  on  whon  tho  buoy 
is  lounchod,  supply  powor  during  tho  four 
hours  of  oporotion 


Sonobuoy  is  thrown  from  patrol  piano. 
Parachuto  (right  lowers  it  into  tho  water 
(loft).  Underwater  microphone  picks  up 
submarine  sounds  which  are  relayed  by 
tho  radio  transmitter  in  tho  buoy  to  tho 
patrol  plane  or  a  ship 


cycle  maximum  deviation.  The  an¬ 
tenna  is  a  vertical  quarter-wave  whip. 
An  insulator  holds  the  antenna  base 
just  above  the  surface  of  the  sea. 

The  radiated  power,  about  a 
tenth  of  a  watt,  is  sufiScient  for  line- 
of-sight  transmission.  Depending 
on  how  high  the  receiving  antenna 
is,  a  ship  can  receive  a  sonobuoy 
signal  from  about  six  nautical  miles 
away.  An  airplane  flying  at  5,000 
feet  can  receive  signals  from  40  to 
.50  nautical  miles  away.  Automatic 
frequency  control  in  the  receiver, 
working  from  unbalance  in  the  dis¬ 
criminator  output,  follows  random 


drifts  of  the  sonobuoy  transmitter 
center  frequency. 

Dsvelopmeat 

Research  and  development  engi¬ 
neering  was  carried  out  at  the  Un¬ 
derwater  Sound  Laboratory  of  Col¬ 
umbia  University  at  New  London, 
Conn,  under  National  Defense  Re¬ 
search  Committee  contract.  Produc¬ 
tion  engineering  and  manufacture 
were  done  by  Emerson  Radio  and 
Phonograph  Co.,  and  Freed  Radio 
Corp.  The  navy  used  hundreds  of 
sonobuoys  in  both  Atlantic  and  Pa¬ 
cific  waters. — K.  H. 
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Coaxial 


FIG.  1 — Basic  form  of  coaxial  butterfly  circuit.  High-frequency  setting  is  shown 
at  left,  low-frequency  setting  at  right 


IN  SPITE  of  the  large  increase  in 
production  and  use  of  high-fre¬ 
quency  equipment  during  the  war, 
simple  and  convenient  laboratory  ap¬ 
paratus  such  as  variable  oscillators 
and  standard-signal  generators,  for 
frequencies  above  500  megacycles, 
have  not  progressed  commensurably. 
Much  equipment  has  been  built  and 
used  at  frequencies  well  above  500 
megacycles,  but  most  of  it  has  been 
for  special  purposes  and  is  not  suit¬ 
able  for  general  laboratory  use. 

During  the  emergency  period, 
when  speed  was  essential,  it  proved 
much  quicker  and  easier  to  build  a 
series  of  fixed-frequency  test  oscil¬ 
lators  for  specified  frequencies  and 
uses  than  to  build  multiple-purpose 
wide-range  variable  oscillators. 

While  fixed-frequency  or  limited- 
range  oscillators  were  being  used  as 
an  expedient,  development  work  was 
continued  on  wide-range  variable  os¬ 
cillators.  This  paper  is  a  report  on 
one  such  development,  using  the  type 
2C43  lighthouse  tube.  The  oscillators 
developed  have  a  single  tuning  con¬ 
trol,  wide  tuning  ranges,  good  out¬ 
put,  and  no  sliding  contacts. 

Original  Butterfly  Circuit 

Simple  negative-grid  triode  oscil¬ 
lators  using  a  single  tuned  circuit 
between  grid  and  plate  can  be  made 
to  operate  at  frequencies  approach¬ 
ing  the  resonant  frequency  of  the 
tube  if  the  tube  has  properly  propor¬ 
tioned  grid-cathode  and  plate-cathode 
capacitances.  A  compact  tuning  unit 
such  as  the  butterfly  circuit^  is  con¬ 
nected  with  a  minimum  of  lead  in¬ 
ductance  between  grid  and  plate, 
while  feedback  to  sustain  oscillation 
is  determined  by  the  effective  grid- 


cathode  and  plate-cathode  capaci¬ 
tances. 

Because  of  the  low  ratio  of  plate- 
cathode  to  grid-cathode  capacitance 
of  the  disc-seal  or  lighthouse  tubes, 
efforts  to  use  these  in  simple  oscil¬ 
lator  circuits  were  not  successful 
above  700  megacycles.  However,  of 
the  available  high-frequency  triodes, 
the  lighthouse  tube  seems  to  have 
power  ratings  best  suited  for  use  in 
laboratory  oscillators,  when  maxi¬ 
mum  frequency  and  good  output  are 
required.  Although  this  tube  does 
not  work  well  in  the  simple  oscil¬ 
lators  using  a  single  tuned  circuit,  it 
will  oscillate  to  higher  frequencies 
than  other  available  tubes,  with  good 
efficiency,  when  used  in  oscillators 
employing  multiple  tuned  circuits. 

Coaxial  Vorston 

To  build  a  tuning  unit  to  fit  the 
lighthouse  tube  in  a  convenient  man¬ 
ner,  a  much  different  mechanical 
structure  from  the  original  butterfly 
circuit  was  required.  Since  the  tube 
was  designed  for  use  in  coaxial-line 
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resonators,  it  seemed  desirable  to  try 
to  build  variable  oscillators  using  ele¬ 
ments  of  coaxial  lines  as  resonant 
circuits.  The  resulting  tuning  unit 
has  become  known  as  the  coaxial 
butterfly. 

Figure  1  illustrates  the  basic  form 
of  the  coaxial  butterfly  tuning  unit, 
showing  the  high-frequency  position 
of  the  rotor  at  the  left  and  the  low- 
frequency  position  at  the  right.  This 
unit  consists  of  a  coaxial  line  shorted 
at  one  end  and  open  at  the  other. 
The  outer  conductor  is  not  a  full 
cylinder,  but  has  two  105-degree  sec¬ 
tions  cut  away.  Rotating  between 
inner  and  outer  conductors  are  two 
75-degree  sectors  which  vary  the 
frequency. 

In  operation  the  tube  is  connected 
across  the  open  end  of  the  line  and 
acts  as  a  capacitive  load  foreshorten¬ 
ing  the  line.  The  length  of  the  line 
at  resonance  is  much  less  than  a 
quarter-wavelength  because  of  this 
loading.  As  the  two  rotor  sectors  are 
rotated,  the  characteristic  imped¬ 
ance  of  the  line  is  varied.  This  means 
that  the  amount  of  foreshortening 
caused  by  the  tube  grid-plate  capaci¬ 
tance  changes,  and  hence  the  reso¬ 
nant  frequency  is  varied. 

Figure  2  shows  a  basic  unit  equip- 
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Butterfly  Circuits 


Coaxial  versions  designed  to  fit  over  the  type  2C43  lighthouse  tube  serve  as  wide-range  uhf 
signal  generators  suitable  for  general  laboratory  use  in  the  range  from  500  to  1,600  mega¬ 
cycles.  A  single  control  varies  feedback  and  frequency  for  either  c-w  or  pulsed  operation 


FIG.  3 — Calculated  curyee  oi  resonant  frequency  as  a  function  of  loading  capaci¬ 
tance  and  Z.  for  a  line  of  unit  cm  length.  For  a  line  n  cm  long,  multiply  capacitance 
scale  values  by  n  and  divide  frequency  scale  values  by  n  before  using  chart 


ped  with  terminals  for  connection  to 
the  plate  and  grid  of  the  lighthouse 
tube.  In  addition  to  the  loading 
caused  by  the  tube  grid-plate  capaci¬ 
tance,  there  is  some  capacitance 
added  across  the  open  end  of  the  line 
by  the  rotor  segments. 

FreqMeRcy-Capocitanee  Chart 

To  get  a  better  understanding  of 
these  tuning  units,  the  plot  shown  in 
Fig.  3  was  made.  Values  of  loading 
capacitance  required  for  a  line  of 
unit  cm  length  are  plotted  versus  fre¬ 
quency  for  a  range  of  Zo  from  10  to 
500  ohms. 

Besides  showing  that  there  is  not 
much  to  be  gained  in  frequency 
range  by  making  the  loading  capaci¬ 
tance  larger  than  the  tube  grid-plate 
capacitance,  the  chart  can  be  used  as 
a  means  of  finding  the  resonant  fre¬ 
quency  for  a  line  of  known  impedance 
Zo,  known  length,  and  a  given  loading 
capacitance,  or  to  obtain  the  proper 
loading  capacitance  for  a  desired 
frequency  with  a  line  of  given  Zo  and 
length. 

The  chart  has  proved  very  useful 
in  designing  some  of  the  coaxial  tun¬ 
ing  units.  For  example,  with  the 
dimensions  and  spacings  that  are 
considered  practical  in  these  tuned 
circuits,  Zo  can  be  varied  from  about 
30  ohms  to  150  ohms.  If  we  make  the 
tuned  circuit  2  cm  long,  what  fre¬ 
quency  range  should  we  get  if  the 
total  effective  loading  capacitance  is 
4jii/if  This  makes  n  =  2;  the  chart 
is  adapted  for  this  line  length  by 
multiplying  capacitance  scale  values 
by  2.  The  original  2-mi.t  line  on  the 
chart  now  represents  4  /xfif ,  the  value 
at  hand,  and  the  frequency  values  ob¬ 
tained  will  be  divided  by  2.  For  Zo  = 
150  ohms  the  frequency  then  is 
1,600/2,  and  is  3,200/2  at  Zo  =  30 
ohms,  giving  a  frequency  range  of 
800  to  1,600  megacycles  for  the  unit. 

Figure  4  shows  the  rotor  construc¬ 


tion  which  has  given  the  widest  fre¬ 
quency  ranges.  The  two  full  metal 
rings  at  the  ends  not  only  make  a 
stronger  and  more  easily  supported 
rotor  than  is  shown  in  the  basic 
units,  but  serve  to  keep  the  lumped 
inductance  at  the  ends  of  the  line  at 
a  minimum  so  that  it  is  possible  to 
take  advantage  of  most  of  the  change 
in  Zo  caused  by  the  rotor  segments. 

Wide  Freqeency  Ranges 

The  most  effective  means  for  get¬ 
ting  wide  frequency  ranges  has  been 
to  reduce  all  spacings  between  the 
rotor  and  the  fixed  portions  of  the 
tuned  circuit.  This  decreases  the  ef¬ 
fective  Zo  when  the  rotor  is  meshed 
with  the  outer  conductor.  In  addi¬ 
tion,  the  effective  loading  capacitance 
is  increased.  At  low  frequencies,  Zo 


is  unchanged,  and  the  resonant 
frequency  is  reduced.  At  high-fre¬ 
quency  settings  the  resonant  fre¬ 
quency  is  increased  because  the 
decrease  in  Zo  has  greater  effect  than 
the  increase  in  loading  capacitance. 

Stator  Design 

The  stator  or  outer  conductor  of 
the  line  can  be  altered  or  shaped  to 
provide  a  desirable  law  of  frequency 
variation.  While  this  lowers  the  top 
frequency  for  a  given  unit,  the  conse¬ 
quent  reduction  in  the  low-frequency 
limit  produces  an  increased  fre¬ 
quency  range.  Figure  5  illustrates 
one  possibility.  Here  a  1,000-1,300 
megacycle  oscillator  was  designed 
for  beat  operation  with  a  fixed  1,000- 
mc  oscillator.  A  logarithmic  varia¬ 
tion  of  beat  frequency  was  desired 
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between  10  and  300  megacycles. 
Curve  A  shows  the  variation  obtained 
before  shaping,  with  most  of  the  fre¬ 
quency  change  occurring  in  the  rela¬ 
tively  small  region  where  the  rotor 


FIG.  4 — Coaxial  buttorily  rotor  construc¬ 
tion  which  hat  giTon  widest  frequency 
ranges  in  uhf  oscillators 
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DIAL  ROTATION  IN  DEGREES 


FIG.  5— Example  of  frequency  Toriotion 
rersus  dial  rotation  that  is  pottle  with 
cooidal  butterfly  units.  Curret  A.  B,  and 
C  apply  when  stator  or  outer  conductor 
of  unit  is  shaped  os  in  sketches  A.  B.  and 
C  respectiTely 


segments  are  just  beginning  to  pass 
under  the  outer  conductor.  Curve  B 
shows  the  results  of  shaping  the 
stator  as  indicated  in  sketch  B,  and 
curve  C  shows  the  final  curve  ob¬ 
tained  with  the  outer  conductor 
shaped  in  the  manner  shown  in 
sketch  C.  It  will  be  noted  that  rota¬ 
tion  has  been  reduced  from  90  de¬ 
grees  to  slightly  less  than  70  degrees. 

The  Q  obtained  with  a  coaxial  but- 
terfiy  circuit  is  low  when  compared 
with  that  obtained  in  coaxial  tuners 
of  optimum  dimensions.  Measure¬ 
ments  on  a  tuning  unit  with  a  range 
of  620-1,350  megacycles  indicate  that 
the  Q  is  about  350  at  the  low  fre¬ 
quency  and  about  200  at  1,000 
megacycles. 

Feudbock  Circuits 

The  basic  feedback  circuit  used 
with  coaxial  butterfiy  oscillators  is 
shown  in  Fig.  6.  The  coaxial  butter¬ 
fly  unit  supplies  a  high  resonant  im¬ 
pedance  between  grid  and  plate  of 
the  tube.  The  outer  cylinder,  with 
tube  and  tuned  circuit  forming  part 
of  the  inner  conductor,  makes  up  a 
coaxial  resonator  between  grid  and 
cathode  of  the  tube.  The  fields  of  the 
two  circuits  are  linked  through  the 
openings  of  the  coaxial  butterfly. 
Proper  feedback  for  oscillation  is  ob¬ 
tained  by  adjusting  the  two  disc¬ 
shaped  plungers  within  the  outer 
cylinder. 

In  addition  to  the  frequency-deter¬ 
mining  rotor,  this  system  requires 
two  adjustable  elements  which  have 
multiple  sliding  contacts.  This  cir¬ 
cuit  can  be  simplified  if  the  plungers 
are  properly  located  for  the  highest 
oscillator  frequency  and  feedback 
for  lower  frequencies  is  maintained 
by  adding  capacitance  C,  between  a 
point  on  the  tuning  unit  and  a  point 
on  the  outer  chamber. 


Sliding  contacts  can  be  eliminated 
if  this  capacitance  is  added,  as  shown 
in  Fig.  7,  by  a  series  of  adjustable 
metal  fingers  (a)  which  mesh  suc¬ 
cessively  with  a  tab  on  a  ring  (d) 
which  is  carried  by  the  rotor.  While 
multiple  tuning  elements  are  re¬ 
quired,  a  variable  oscillator  with  a 
single  tuning  control  is  the  result. 
Oscillators  with  capacitive  feedback 
adjustments  such  as  this  work  satis¬ 
factorily  over  frequency  ranges  of 
about  1.6  to  1.  Coaxial  butterfiy  tun¬ 
ing  units  can  be  conveniently  built 
to  cover  ranges  of  2  to  1. 

To  make  use  of  ranges  available 
for  grid-plate  tuning  units,  an  addi¬ 
tional  element  to  the  feedback  cir¬ 
cuit  was  found  necessary.  This  ad¬ 
dition,  shown  in  Fig.  8,  consists  of 
added  grid-cathode  capacitance  pro¬ 
duced  by  a  series  of  adjustable  fin¬ 
gers  (b)  mounted  on  the  cathode 
stub  which  mesh  successively  with 
the  shoe  (c)  mounted  on  the  feed¬ 
back  ring  (d). 

As  will  be  demonstrated,  the  feed¬ 
back  circuits  outlined  affect  the  coup¬ 
ling  between  the  grid-plate  tuning 
unit  and  the  grid-cathode  resonant 
circuit  as  well  as  keep  the  grid-cath¬ 
ode  circuit  properly  tuned.  Varia¬ 
tions  in  coupling  are  caused  by  the 
relation  of  the  feedback  fingers  (a) 
to  the  openings  in  the  coaxial  butter¬ 
fly  unit.  For  this  reason,  and  because 
the  coupling  varies  with  the  rotor 
position,  some  amount  of  experiment¬ 
ing  and  compromising  is  required 
before  a  continuously  variable  oscil¬ 
lator  with  a  frequency  range  of  2  to 
1  can  be  obtained.  The  final  result, 
however,  is  an  oscillator  that  has  a 
wide  tuning  range,  good  efficiency,  a 
single  tuning  control,  and  no  sliding 
contacts. 

Steps  in  the  development  of  oscil¬ 
lators  using  the  coaxial  butterfly  cir- 


FIG.  6 — Basic  issdbock  circuit  ussd  with  coaxial  butterfly  osdl-  FIG.  7 — Cross  soction  and  snd  vtows  of  oscUlotor,  showing  Cp  of 
lolors  dascribod  in  this  orllcis  Fig.  6  oddsd  to  gliding  contacts 
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cuit  have  been  outlined.  Operating 
characteristics  and  descriptions  of 
some  of  these  oscillators  follow. 

The  first  oscillators  developed 
using  the  coaxial  butterfiy  unit  were 
for  use  in  a  beat-frequency  oscillator 
having  a  fixed  1,000-mc  oscillator 
beating  with  a  variable  1,000  to 
3,000-mc  oscillator  to  produce  an  out¬ 
put  frequency  of  10  to  800  me. 

l•at•Pr•q■•■ey  Otclllater 

The  beat-frequency  oscillator  was 
suggested  as  a  means  for  obtaining 
pulses  with  extremely  short  rise  time 
at  low  frequencies  where  conven¬ 
tional  oscillators  do  not  have  suffi¬ 
ciently  rapid  starting  or  buildup 
time.  The  fixed  oscillator  was  to  op¬ 
erate  as  either  a  c-w  oscillator  or  a 
pulsed  oscillator. 

Pulsing  requires  more  than  the 
usual  feedback  to  obtain  the  short 
rise  time,  and  early  experiments  us¬ 
ing  the  sliding  end  discs  for  feedback 
adjustment  showed  that  a  change  in 
feedback  was  required  if  the  oscil¬ 
lator  was  to  be  shifted  from  c-w  op¬ 
eration  to  pulsed  operation.  It  was 
noted  that  the  change  was  accom¬ 
plished  by  keeping  the  length  of  the 
outer  cylinder  constant  and  moving 
the  tuning  unit  with  respect  to  the 
end  discs. 

It  was  also  found  that  the  results 
could  be  duplicated  by  using  the  ca¬ 
pacitive-type  feedback.  To  reduce 
drift,  the  two  oscillators  were  kept  as 
much  alike  as  possible.  Outer  cham¬ 
ber  dimensions  were  kept  the  same. 
Adjustable  capacitive-type  feedback 
was  retained  for  the  fixed  oscillator 
to  obtain  the  required  change  in  feed¬ 
back,  and  the  fixed  oscillator  grid- 
plate  tuning  unit  was  built  as  a 


8 — FMdback  circuit  for  wldo-rongo 
coaxial  buttorily  oodUotor.  with  no  sliding 
contacts 


FIG.  9 — Variations  in  osdllator  stability 
and  buildup  timo  as  a  function  of  feed¬ 
back  capacitance  location  with  respect  to 

openings  in  the  coaxial  butterfly  unit 

coaxial  butterfly  with  the  rotor  omit¬ 
ted. 

Oscillator  Buildup  Tine 

Figure  9  demonstrates  rather 
clearly  that  the  capacitive  adjust¬ 
ment  does  more  than  keep  the  grid- 
cathode  chamber  properly  tuned.  By 
shifting  the  point  at  which  the  ca¬ 
pacitance  is  produced,  frequency 
stability  and  oscillator  starting  or 
buildup  time  are  markedly  modified. 
As  indicated  by  the  upper  right-hand 
sketch,  the  oscillator  buildup  time 
has  been  broken  up,  for  convenience, 
into  two  components,  which  have 
been  called  To  and  Tm  (delay  time 


FIG.  10 — Coaxial  butterfly  oscillator 
for  1,000  to  1,300  megacycles 

and  rise  time).  Good  stability  re¬ 
quired  for  c-w  operation  results 
when  the  capacitance  is  produced  in 
line  with  the  solid  portion  of  the  tun¬ 
ing  unit,  while  rapid  rise  time  and 
short  delay  time  required  for  pulsed 
operation  result  when  the  capacitance 
is  produced  in  line  with  the  opening 
of  the  tuning  unit. 

As  a  pulsed  oscillator,  delay  time 
was  reduced  to  about  0.05  microsec¬ 
ond  and  the  rise  time  was  reduced  to 
less  than  0.05  microsecond.  Many 
things  was  tried  in  an  effort  to  im¬ 
prove  the  rise  time  of  the  oscillator 
under  pulsed  conditions.  Loading  the 
oscillator  in  an  effort  to  reduce  the 
Q  of  the  tuned  circuit  was  one  device 
that  was  effective.  The  effect  was  not 
noticeable,  however,  until  feedback 
had  been  adjusted  for  optimum  pulse 
shape. 

As  a  means  to  pulse  the  oscillator, 
a  relatively  low-power  negative  pulse 
was  produced  across  the  cathode  re¬ 
sistor.  This  method  was  simple, 
worked  very  well,  and  did  not  require 
the  high  power  that  would  be 
needed  for  plate  pulsing. 

As  a  c-w  oscillator,  the  stability 
factor  or  frequency  change  in  parts 
per  million  caused  by  a  30-percent 
change  in  plate  voltage  was  reduced 
to  1,000.  Power  output  of  1.7  watts 
with  an  efficiency  of  SO  percent  was 
obtained  with  250  volts  on  the  plate. 
While  operation  is  possible  for  all 
I>ositioiis  of  the  feedback  capaci¬ 
tance,  stability  is  poor  when  feedback 
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riG.  11 — Oscillator  output  as  a  function 
of  output  loop  location  with  respect  to 
actire  feedback  fingers 

is  optimum  for  pulsing,  and  oscillator 
rise  time  is  bad  when  feedback  is 
optimum  for  c-w  operation. 

Variable  Oscillator 

Power  output  of  an  experimental 
model  of  the  1,000-1,300  megacycle 
variable  oscillator  for  use  in  the  beat- 
frequency  oscillator  varied  from  0.3 
watt  to  0.7  watt  with  a  plate  voltage 
of  250  volts,  while  efficiency  varied 
from  6  percent  to  15  percent.  A  size¬ 
able  loss  of  power  output  and  effi¬ 
ciency  is  the  price  paid  for  variable- 
frequency  operation. 

Figure  10  is  a  cutaway  view  of  the 
variable  oscillator  which  was  evolved. 
This  oscillator  has  a  single  tuning 
control  and  no  sliding  contacts.  The 
structure  which  supports  and  drives 
the  rotor  segments  also  supports  and 
drives  the  feedback  ring  past  the 
adjustable  fingers.  The  outer  con¬ 
ductor  of  the  coaxial  butterfly  is 
shaped  to  produce  the  desired  fre¬ 
quency  distribution,  and  the  contour 
of  one  of  the  sections  can  be  seen  in 
the  photograph. 

Vlflda^Range  Oscillator 

After  completing  work  on  the  beat- 
frequency  oscillator,  it  was  decided 
to  try  to  make  an  oscillator  having  a 
wide  range  that  would  be  suitable 
for  laboratory  use.  As  has  already 
been  pointed  out,  ranges  could  be 


made  much  wider  than  were  required 
for  the  beat-frequency  oscillator. 
Experiments  showed  that  because  of 
the  space  required  by  the  outboard 
drive  for  the  rotor,  the  maximum  fre¬ 
quency  for  which  the  outer  resonant 
circuit  could  be  adjusted  was  about 
1,350  me.  To  get  as  wide  a  range  as 
possible  for  experiments,  the  lower 
frequency  was  reduced.  The  final  fre¬ 
quency  range  obtained  with  this 
oscillator  was  620  to  1,340  me.  This 
range  was  again  obtained  with  a 
single  tuning  control,  with  no  sliding 
contacts. 

Position  of  Conpling  Loop 

Location  of  an  output  coupling 
loop  for  this  oscillator  was  deter¬ 
mined  experimentally.  It  was  first 
roughly  determined  that  maximum 
output  could  be  obtained  if  the  loop 
were  located  in  the  end  disc  of  the 
outer  chamber,  opposite  the  adjust¬ 
able  feedback  fingers. 

Figure  11  illustrates  the  method 
used  to  locate  the  optimum  position 
for  the  loop.  At  several  frequencies 
throughout  the  range  the  oscillator 
end  disc  was  rotated  so  that  loop  X 
was  moved  through  the  arc  sub¬ 
tended  by  the  feedback  fingers  (area 
ABCD).  By  this  means  it  was  dis¬ 
covered  that  maximum  output  for 
any  frequency  was  obtained  when  the 
output  loop  was  opposite  the  acting 
feedback  finger.  The  fixed  loop  posi¬ 
tion  which  will  give  best  output  over 
the  frequency  range  is  then  at  36 
degrees,  or  opposite  the  1,000-mc 
active  feedback  finger. 


FIG.  12 — Coaxial  butterily  tuning  unit  lor 
800-1,600  megacycles.  Tuning  knob  is  at 
left,  and  controls  the  position  of  the  rotor. 
The  lighthouse  tube  is  inserted  in  the  recess 
at  the  right  end  of  the  unit 


Power  output  obtained  over  the 
frequency  range  varies  between  0.15 
and  0.30  watt.  Here  again  increased 
frequency  range  is  gained  with  a 
reduction  in  power  output. 

Getting  Higher  Frequencies 

To  extend  the  useful  range  of  these 
oscillators  to  higher  frequencies,  a 
coaxial  butterfly  tuning  unit  for  a 
range  of  800  to  1,600  me  has  been 
built  and  is  shown  in  Fig.  12.  Its 
actual  frequency  range  with  the  type 
2C43  tube  is  770  to  1,650  me.  This 
tuning  unit  features  a  more  compact 
and  simple  rotor  support  and  drive 
than  was  used  on  previous  models. 
Portions  of  the  plate  end  or  short- 
circuited  end  of  the  line  have  been 
cut  away  to  allow  the  rotor  supports 
to  turn.  Also,  portions  of  the  grid- 
end  disc  have  been  sliced  off  to  make 
way  for  the  supports  which  hold  the 
feedback  ring  to  the  rotor.  Other 
mechanical  changes  have  simplified 
the  assembly  of  the  unit  appreciably. 
Oscillations  have  been  obtained  over 
the  frequency  range  of  this  unit  with 
about  the  same  vigor  as  are  obtained 
from  the  lower-frequency  unit.  Tests 
have  not  been  completed  on  this  oscil¬ 
lator,  but  it  is  hoped  that  a  mechani¬ 
cally  simplified  feedback  circuit  can 
be  devised. 

Conclusions 

The  oscillators  described  in  this 
paper,  while  not  of  the  more  desir¬ 
able  single  tuned  circuit  type  depend¬ 
ing  upon  the  tube  electrode  capaci¬ 
tances*  for  feedback,  do  operate  with 
a  single  tuning  control  and  are  some¬ 
what  more  efficient.  Sliding  contacts 
have  been  eliminated  and  wide 
ranges  have  been  maintained.  The 
oscillators  have  high  enough  output 
to  be  used  as  laboratory  oscillators 
or  in  standard-signal  generators. 

New  tubes  may  soon  make  these 
circuits  obsolete,  but  for  the  present 
they  are  useful  and  their  perform¬ 
ance  is  comparable  to  that  of  oscil¬ 
lators  operating  at  much  lower 
frequencies.  It  is  hoped  that  the 
information  presented  here,  when 
added  to  other  bits  of  information, 
will  make  for  a  better  understanding 
of  ultrahigh-frequency  triode  oscil¬ 
lators. 

Reference 
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Circuits  and  Oscillators  for  High  Frequencies, 
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it*s  the  Belmont  Boulevard— the  new  radio  creation 
that  easily  slides  into  pocket  or  purse.  Yet  it  is  a 
complete,  5-tube,  superheterodyne  radio,  weighing 
but  little  more  than  half  a  pound,  and  just  6  inches 
long,  3  inches  wide  and  %  of  an  inch  thick.  Employs 
the  remarkable  ''war- born"  miniature  Raytheon 
tube  and  the  new  miniature  Cinch  Socket.  This 
"mite"  of  a  socket  insures  positive  electrical  con¬ 
tact,  holds  the  tiny  tubes  securely  in  place,  permits 
easy  maintenance  and  replacement, yields  maximum 
insulation  resistance  and  minimum  high  frequency 
loss,  and  provides  manufacturers  of  pocket  radio 
receivers  and  hearing  aids  a  labor  saving  chassis 
installation  which  serves  terminal  board  functions 
The  tiny  CINCH  Socket  may  be  had  with  five, 
six,  or  seven  contacts.  It  is  now  in  production  and 
available  on  order. 


MANUFACTURING  CORPORATION 


2335  West  Van  Buren  Street,  Chicago  12,  Illinois 

Subtidiary  of  United-Carr  Fastener  Corp.,  Cambridge,  Mass. 
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INTERFERENCE  may  be  present  in  are  not  selective  enough  to  reject  all 
the  output  of  superheterodyne  but  the  desired  incoming  signal, 
radio  receivers  if  their  input  circuits  These  spurious  responses  will  be  the 


result  of  the  combining  of  the  oscil¬ 
lator  frequency  and/or  its  harmonics 
with  the  fundamental  or  harmonics 
of  strong  stations  radiating  a  fre¬ 
quency  differing  from  that  to  which 
the  tuned  input  circuit  of  the  con¬ 
verter  is  adjusted. 

The  accompanying  chart  plots  19 
different  combinations  of  signal  and 
oscillator  frequencies  that  can  pro¬ 
duce  interference  in  a  receiver  using 
the  RMA  standard  i-f  of  456  kc.  The 
curves  are  computed  from  formulas 
given  previously  in  Electronics.* 

The  following  examples  illustrate 
several  different  types  of  interfer¬ 
ence.  At  660  kc»  a  vertical  line  drawn 
on  the  chart  will  intersect  all  of  the 
curves.  Perpendiculars  from  these 
points  of  intersection  to  the  left 
will  give  the  interfering  signal  fre¬ 
quency.  Thus  one  objectionable 
point  is  determined  to  be  220  kc  from 
curve  10.  A  long-wave  signal  other 
than  that  of  the  i-f  may  consequently 
be  present  in  the  output  of  the  re¬ 
ceiver  due  to  the  local  oscillator  beat¬ 
ing  with  the  third  harmonic  of  the 
interfering  signal  to  produce  455  kc. 

The  intersection  of  the  660-kc  line 
with  curve  1  indicates  an  interfer¬ 
ing  signal  of  1115  kc.  Although  no 
station  operates  on  this  frequency, 
audible  beats  would  be  produced  by 
reaction  with  either  or  both  the  1110- 
kc  or  1120-kc  carriers  6000  cycles 
away. 

Curve  number  4  shows  that  police 
calls  may  be  received  while  curves 
18  and  19  show  that  amateur  signals 
can  also  beat  at  the  same  time.  By 
using  the  formula  numbered  to  cor¬ 
respond  to  the  curve  intersected,*  the 
exact  frequency  of  the  interfering 
signal  can  be  computed  and  the  audio 
frequency  of  the  whistle  determined, 
assuming  that  the  station  producing 
the  interference  is  on  its  assigned 
wavelength. 

Reference 

(1)  Adams,  J.  J.,  Receiver  Interference 
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>1  ALl^RY 


Tc^Favorite  Switch 
Fom^st  Equipment 

Jt  -I- 


CLEVATION  VIEW  OF  R  L  SWRCH 


Ask  for  RL 

Specification-Layout  Sheets 

Print«^<l  on  thin  paper  to  permit  bliieprinlinit,  these 
sertional  drawings  indicate  standard  and  optional 
dimensions — make  it  easy  frar  you  to  order  pre- 
productiftn  samples  of  KL  switches  Imilt  to  meet 
y«Hir  re<|<iiremenls  exactly.  Ask  your  nearest  Nfallory 
Field  KepresentatiTe  or  write  direct  fur  a  supply. 


OF  all  circuit  selector  switches  manufacture4  by  Mallory,  this 
•  RL  unit  is  the  most  popular  by  far  for  low-power,  industrial 
applications.  In  a  class  by  itself,  the  RL  switch  is  the  answer  for 
industrial  electronic  equipment  requiring  greater  durability  than 
provided  by  the  conventional  radio  circuit  selector  switch.  It 


Hill 

offers  from  1  to  6  circuits  per  section  with  30  degree 
indexing  —  from  1  to  3  circuits  per  section  when 
60  degree  indexing  is  used.  But  that’s  not  the  whole 
story  by  any  means. 

The  heavy  self-supporting  terminals  of  this  switch, 
for  instance,  are  clinched  to  the  stator  and  held 
firmly  without  rivets  or  staples.  Contact  ends  are 
ball  shaped,  formed  of  high  quality  spring  brass 
material,  and  heavily  silver  plated. 

The  rotor  contact  member  is  made  of  solid  silver, 
insuring  much  lower  contact  resistance.  The  high 


action  which  further  improves  electrical  contact. 
High  quality  Bakelite  in  the  stator  provides  ample 
insulation  for  general  applications,  yet  is  sturdy 
enough  to  withstand  rough  usage. 

These  are  only  a  few  of  many  reagons  why  this  RL 
switch  is  found  in  radio  instruments,  test  equip¬ 
ment,  and  a  wide  variety  of  other  applications.  For 
full  information  about  this  Mallory  "leader”,  ask 
for  the  RL  Engineering  data  folder  and  specifica¬ 
tion  layout  sheets,  or  see  your  Mallory  representa¬ 
tive.  Standard  Mallory  Switches  are  obtainable  from 


lift  of  the  terminals  makes  possible  a  self-cleaning  your  nearest  Mallory  Distributor. 
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Fifty-foot  Lightbeam  Controls  Rotating  Mandrel 


In  making  heavy  hose  at  the  Hewitt 
Rubber  Corporation  in  Buffalo,  N.  Y., 
part  of  the  process  involves  wrapping 
material  on  a  huge  50-foot  rotating 
mandrel,  this  being  the  standard 
length  of  finished  rubber  hose.  This 
is  done  just  prior  to  vulcanization 
and  is  an  important  step  in  the  mak¬ 
ing  of  quality  hose. 

Until  recently,  the  driven  chuck 
which  rotates  the  mandrel  was  con¬ 
trolled  by  the  operator  stepping  on 


a  wire  cable  which  was  stretched  the 
full  50-foot  length  or  by  signaling  the 
operator  of  the  chuck  by  a  nod  of 
his  head  whenever  the  machine  was 
to  be  started  or  stopped.  This  sig¬ 
nal  was  sometimes  not  seen  or  the 
response  to  it  was  slow,  and  the 
wrapper  could  then  be  caught  in  the 
machine. 


Recently,  photoelectric  equipment 
was  installed  about  12  inches  above 
the  floor.  The  light  beam  is  thrown 
the  entire  50-foot  length  and  the 
machine  is  stopped  instantly  when 
the  operator  kicks  either  foot  for¬ 
ward  and  so  interrupts  the  beam. 
This  may  be  done  effectively  at  any 
point  along  the  machine.  A  tele¬ 
scopic  lens  of  32-inch  focal  length 
focuses  the  beam  to  the  phototube. 

When  first  installed,  the  beam  both 


started  and  stopped  the  machine,  but 
to  start  the  machine  a  wire  cable  is 
now  stretched  the  length  of  the  ma¬ 
chine.  This  is  placed  close  to  the 
wrapping  bar  and  operated  by  a  pull 
of  the  finger  of  either  operator. 

Besides  providing  greater  safety 
to  the  operator,  the  floor  is  left  clear 
of  any  gear  that  might  impair  the 


travel  of  the  operator,  who  now  con¬ 
trols  the  machine  with  a  minimum  of 
effort  and  so  may  pay  full  attention 
to  his  work. 


Radar  Increases  Safety 
of  Night  Boat 

Regular  night  sailings  of  the 
commercial  passenger-carrying  night 
boat.  City  of  Richmond,  will  benefit 
from  an  installation  of  radar  equip¬ 
ment  for  navigation  now  being  made 
by  Westinghouse.  The  ship  plies  be¬ 
tween  Baltimore  and  Norfolk  for  the 
Old  Bay  Line,  which  plans  to  add 
more  radar  units  to  other  ships  of 
its  fleet. 

The  installation  is  of  the  contin¬ 
uous  plan-position-indicator  type  that 


Westinghouse  engineers  mount  the  antenna 
for  laboratory  tests  of  marine  radar  equip¬ 
ment  for  the  Old  Boy  Line's  Baltimore^Nor- 
folk  night  boot,  City  of  Richmond.  The 
antenna  will  rotate  under  a  mushroom-like 
protective  cover  atop  pedestal  to  be  lo¬ 
cated  on  the  wheelhouse  roof 

provides  a  continuous  picture  of  ship 
traffic  and  shoreline  conditions  from 
IOC  yards  to  32  miles  distant  in  three 
ranges  2,  8  and  32  miles  radius. 
The  equipment  uses  a  7-inch  cath¬ 
ode-ray  tube  mounted  in  a  small  cabi¬ 
net  convenient  to  the  watch  officer’s 
station  on  the  bridge. 

The  installation  is  in  two  major 
parts:  the  antenna,  mounted  under 
a  large  mushroom-like  plastic  dome 
atop  a  5i-foot  pedestal  on  the  wheel- 
house  roof,  with  the  modulator,  pre¬ 
amplifier  and  other  r-f  components 
in  the  weatherproof  base  of  the  ped- 


Thls  fifty-foot  mandrol  on  a  largo  hoso-wropping  machino  is  stoppod  by  tho  oporotor 
when  he  moves  his  foot  forward  and  interrupts  a  lightbeom  that  extends  the  full 

length  of  the  machine 
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Training  Rims 

^ther  important  function  of  photography 


...aguideto 
readg-made  Training  Film 


This  new  book  lists  155 
films  on  Electronics  and 
related  subjects  which 
you  can  borrow,  rent,  or 
buy  very  reasonably 


Company _ 

Street _ 

City - State, 


Mail  This  Coupon  for  Your  Free  Copy 


Eastman  Kodak  Company 
Rochester  4,  New  York 

Please  send  me  a  free  copy  of  the  new  book, 
“The  Index  of  Training  Films.” 


jW*  •  •  to  Makers  of  Electronic  Equipment 


You’d  like  to  have  all  your  training  films  made  to 
order,  of  course.  But  if  you  can’t  manage  to  do 
this,  you  can  still  organize  an  up-to-the-minute  -train¬ 
ing  program  by  supplementing  your  own  films  with 
films  made  by  others. 

And  that’s  where  this  new  book,  “The  Index  of 
Training  Films,”  can  help  you.  It  lists — with  hundreds 
of  others — a  wide  selection  of  films  on  electronic 
sul)jt*c*ts  for  training  factory  workers,  salesmen,  and 


trouble-shooters.  Movies  and  sound-slide  films  cover 
electron-tube  theory,  circuits,  electronic  motor  con¬ 
trols,  resistance- welder  control,  phototube  applica¬ 
tions,  and  many  other  electronic  topics. 

This  informative  index  describes  and  classifies  out¬ 
standing  films  .  .  .  tells  which  are  free  .  .  .  which  can 
be  rented  or  bought,  and  for  how  much  . . .  and  where 
to  get  them.  For  your  copy,  write  .  .  . 

Eastman  Kodak  Company,  Rochester  4,  New  York 
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WMtinghouM  •ngineer  Lynn  Ulmcm  checks  receiTer-indicator  of  the  fint  major 
inetallotion  for  use  on  long-distance  passenger-carrying  marine  senrice.  The  seren* 
inch  ppi  scope  of  this  receiver-indicator  console  will  be  locoted  on  the  bridge 


estal,  and  the  receiver-indicator  con¬ 
sole,  a  cabinet  two  feet  square  and 
48  inches  high  located  on  the  bridge. 
Power  is  provided  by  a  below-decks 
rotary  converter  operating  on  the 
ship’s  d-c  line. 

Although  the  antenna  is  designed 
to  provide  a  full  360-degree  hori¬ 


zontal  sweep,  because  of  its  location 
on  the  wheelhouse  roof  the  stack  will 
obstruct  its  scan  for  about  nine 
degrees  dead  astern.  If  complete 
coverage  astern  is  needed,  it  will  be 
necessary  to  elevate  the  antenna.  Op¬ 
eration  is  in  the  frequency  band  from 
9,320  to  9,430  megacycles. 


R-F  Heating  in  Bakery  Industry 


That  electronic  heating  has  been 
successfully  applied  to  food  products 
for  dehydration,  cooking,  melting, 
roasting,  deinfestation,  baking,  de¬ 
frosting,  and  mold  inhibition  was  an¬ 
nounced  at  an  annual  meeting  of 
bakers  in  Chicago  by  V.  W.  Sherman, 
president  of  Sherman  Industrial 
Electronics  Co.,  who  copyrighted  the 
talk.  It  was  stated  that  certain  ap¬ 
plications  are  feasible  only  under 
special  circumstances  and  that  others 
are  dubious  and  should  not  yet  be 
recommended  for  development.  He 
described  some  applications  that  have 
been  repeatedly  tested  and  possess 
both  practicability  and  economic 
soundness. 

Defrosting 

Thirty-pound  cartons  of  perishable 
fruits  like  strawberries  have  been 
defrosted  with  electronic  heat  in  a 
matter  of  minutes,  in  contrast  to  the 
four  hours  in  warm  water  or  the 
one  to  seven  days  presently  required 


at  room  temperature.  Smaller  two- 
pound  cakes  of  frozen  food  were  de¬ 
frosted  in  less  than  one  minute.  Five- 


For  a  givM  powor  output  tho  solUng 
prico  of  on  h*i  gonorator  Incroasoa  am  tho 
output  froqnonqr  roquirod  by  tho  Job  bo- 
comos  Ughor.  IHoloctrle  hoatoro  for  bak- 
ory  ond  food  work  roquiro  a  froquoncy  In 
tho  ordor  of  13  to  30  me.  Small  units  rongo 
$750  to  $1,000  por  kw  and  largor  slsos 
obont  $400  to  $500  por  kw  of  output 


pound  blocks  of  frozen  eggs  were 
defrosted  in  less  than  three  minutes. 

All  these  jobs  were  accomplished 
with  only  three  kw  of  13-megacycle 
electronic  heat.  Based  on  this  work, 
a  26-kw  electronic  defroster  was  de¬ 
signed  to  handle  barrels  of  frozen 
food  at  the  rate  of  750  to  1000  lb  per 
hour  depending  upon  initial  tem¬ 
perature.  To  bakers,  candy  and  ice 
cream  makers  electronic  defrosting 
means  a  saving  of  time,  space,  and 
handling  and  also  the  reduction  of 
spoilage  and  the  retention  of  fresh 
flavor.  From  the  health  standpoint, 
electronic  defrosting  insures  an  ex¬ 
ceptionally  low  bacteria  count  in  eggs 
and  similar  products  due  to  the  speed 
of  the  process,  which  reduced  dras¬ 
tically  the  time  food  was  exposed  to 
the  atmosphere. 

A  large  bakery  may  require  the  de¬ 
frosting  of  10,000  pounds  of  product 
per  day.  Many  ice  cream  manufac¬ 
turers  use  40  to  60  barrels  of  frozen 
fruit  a  day.  Defrosting  times  rang¬ 
ing  from  45  minutes  to  two  hours 
cover  practical  requests  for  equip- 


POWiR  OifTPOT  IN  KILOWATTS 


Opuroting  cost  lor  oloctroiilc  hoatoro  up  to 
100  kw.  Tbo  curvoo  aro  boiod  on  on* 
moko  only  and  do  not  nocossorDy  opply 
to  all  mokoo 

ment  performance  at  this  time  and 
a  80  to  40-minute  treatment  time  is 
recommended  to.  reduce  power  and 
cost,  yet  insure  low  bacteria  count. 

The  special  defrosting  of  bread 
frozen  to  retain  its  freshness  over 
a  period  of  two  weeks  has  been  suc¬ 
cessfully  done  with  electronic  heat 
The  appearance  and  taste  of  the  prod¬ 
uct  were  stated  by  bakery  men  to  be 
equivalent  to  that  of  the  fresh  prod¬ 
uct.  Other  successful  defrosting  ap- 
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HIGH  VOLTAGE 


V  MtH  K«T  > 


..keyed  to  eve 

installation  need! 

Electronic  communication  circuits  are'Nt^ 
proving  ground  for  electrical  insulation. 
The  varied  conditions  imposed — high  voltage, 
heat,  climatic  exposure,  battery  acid,  fumes, 
etc.— make  several  insulations,  each  with  spe> 
cific  characteristics,  essential.  To  meet  these 
diversified  requirements,  TURBO  engineers 
have  developed  four  types  of  sleevings  that 
assure  unfailing  operation  under  any  given 
operating  condition.  Each  is  supplied  in  a 
full  range  of  colors  and  sizes  that  speed 
installation  and  simplify  maintenance. 


FLEXIBLE  VARNISHift^lL  TUBiNGi:  offers  im- 
^  munity  to  corrosive  fihi;v<^s,  acid,  ^alis  and 
Nqost  solvents,  with  endurihgly  high  dielectric 
vahi^.  It  is  impervious  to  mdi^ure  and  non* 

hygr^Bopie. 

VARNISHED'^^SS  TUBING:  capable  oTiunc- 
tioning  in  higlk-s^junbient  temperatures—^^* 
closed  motors,  unv^tilated  areas,  and  gener:d 
heavy  duty  instaflatioHe* 

WIRE  IDENTIFICATION  MARICH|:  two  types— 
sleeve  type  that  slips  directly' ^ver  pipes, 
tubes,  conductors;  and  tab  type  vrid^^ffexible 
flag  attached  to  sleeve.  Both  available  itv^ny 
marking.  \ 

Write  today  for  free  Specimen  Board  with 
samples  and  sizes  of  each. 


WILLIAM  BRAND  A  CO 

276  Fourth  Ave.,  New  York  10,.N.  Y.  •  325  W.  Huron  St.,  Chicago  10,  II 
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R-F  BAKING 


(confinutd) 


"The  whole  is  equal  to  the  sum  of  all  its 
parts" — Elementary?  Of  course— as  simple  and  unchanging  as  all 
great  principles.  This  axiom  is  a  fundamental  manufacturing 
creed  at  Stancor.  We  know  the  established  excellence  of  Stancor 
Transformers  is  vitally  dependent  upon  the  perfection  of  each 
successive  manufacturing  step — from  engineering  considerations 
of  individual  specifications — through  coil-winding,  laminating, 
assembling,  finishing,  testing— and,  finally,  to  careful  packing 
for  shipment. 

All  individual  manufacturing  operations  have  one  common 
denominator  —  QUALITY  —  uncompromising,  changeless 
QUALITY  that  continues  to  prove — "IN  TRANSFORMERS, 
STANCOR  GIVES  MORE." 


STANCOR 

STANDARD  TRANSFORMIR  CORPORATION 

1500  NOITH  HALSTEO  STREET  CHICAGO  22.  ILLINOIS 


plications  have  included  eggs  (40 
Ib/hrAw),  chickens  (30  Ib/hr/kw), 
and  a  wide  variety  of  packaged 
frozen  foods. 

Another  application  somewhat  re¬ 
lated  to  defrosting  is  the  warming 
through  of  dough  to  promote  rising. 
A  reduction  of  shortening  required 
is  said  to  be  made  possible  by  the 
rapid  and  substantially  uniform 
warming  experienced  with  electronic 
heating. 

Cooking  and  Baking 

With  only  three  kilowatts  or  less 
of  electronic  heat,  heavy  cookies  I 
inch  thick  by  3  inches  in  diameter 
have  been  baked  in  75  seconds.  Fruit 
cake  has  been  baked  in  glass  dishes. 
Homogeneous  foods  such  as  meat 
loaf,  diced  vegetables,  cored  apples 
and  many  meal  and  dour  products 
have  been  readily  cooked.  A  five- 
pound  leg  of  lamb  was  roasted  per¬ 
fectly  in  30  minutes,  gravy  and  all. 
This  would  have  taken  2  to  3  hours 
in  an  ordinary  oven. 

Cooking  or  baking  is  an  art  that 
requires  more  than  time  and  tem¬ 
perature.  The  application  of  elec¬ 
tronic  heat  to  such  an  art  will  require 
cooperative  development.  For  ex¬ 
ample,  the  electronically  baked  cookie 
had  no  brown  crust,  and  its  surface 
color  was  much  the  same  as  its  in¬ 
terior.  Crusting  could  be  readily  ad¬ 
ded  as  a  finishing  operation  using 
infrared  lamps  or  electric  strip  heat¬ 
ers.  In  either  case,  the  overall  bak¬ 
ing  time  would  be  definitely  reduced 
but  such  necessary  changes  in  baking 
technique  must  be  decided  by  trial. 

Melting 

Chocolate,  cocoa  mixtures,  sugar 
in  several  forms,  starches,  and  other 
products  can  be  melted  with  elec¬ 
tronic  heat  The  rapid  and  substan¬ 
tially  uniform  heat  was  of  real  ad¬ 
vantage.  In  certain  cases  special 
fixture  design  was  required  because 
of  the  product’s  tendency  to  foam. 
This  was  the  case  with  dextrose  and 
with  lump  sugar.  Sugar  syrup  does 
not  foam,  nor  does  chocblate,  nor 
starch  which  rapidly  reduced  to  a 
jelly-like  mass  with  electronic  heat. 
When  the  product  to  be  heated  has 
both  lumps  and  powder,  the  lumps 
may  be  expected  to  heat  about  twice 
as  fast  as  the  powder. 

Mold  inhibition  is  an  excellent  ap¬ 
plication  and  has  produced  positive 
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Get  These  Principal 
Operating  Advantages: 

•  Control  of  output  voltage  to 
within  =!=Vi%  of  115  or  230  V. 

•  Stabilization  at  any  load  with¬ 
in  rated  capacities. 

•  Quick  response.  Stabilizes 
varying  input  voltage  within 
1  /20  second. 

•  Entirely  automatic.  No  adjust¬ 
ments.  No  moving  parts.  No 
maintenance. 


DELIVER  OUTPUT  VOLTAGE  CONSTANT  TO  ±^% 


Fluctuation  of  line  voltage  need  not  impair  the 
performance  of  your  electrical  equipment.  Such  vari¬ 
ations  are  easily  corrected  with  magnetic-type,  en¬ 
tirely  automatic  Raytheon  Voltage  Stabilizers. 

Positive  control  is  gained.  Power  supply  is  stabi¬ 
lized  to  ±14%.  Reliability  and  accuracy  of  perform¬ 
ance  are  effectively  improved,  and  at  low  cost. 

Investigate.  Determine  how  positive  control  of 
line  voltage  can  benefit  your  equipment.  Our  Bulletin 
DL-48-537  givw  the  detailed  story.  Write  for  it  today. 


RAYTHEON  MANUFACTURING  COMPANY 

Industrial  ffoctronics  Division,  Waltham  54,  Mass. 
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"The  whole  is  equal  to  the  sum  of  all  its 
parts" — Elementary?  Of  course— as  simple  and  unchanging  as  all 
great  principles.  This  axiom  is  a  fundamental  manufacturing 
creed  at  Stancor.  We  know  the  established  excellence  of  Stancor 
Transformers  is  vitally  dependent  upon  the  perfection  of  each 
successive  manufacturing  step — from  engineering  considerations 
of  individual  specifications — through  coil-winding,  laminating, 
assembling,  finishing,  testing— and,  finally,  to  careful  packing 
for  shipment. 

All  individual  manufacturing  operations  have  one  common 
denominator  —  QUALITY  —  uncompromising,  changeless 
QUALITY  that  continues  to  prove- "IN  TRANSFORMERS, 
STANCOR  GIVES  MORE." 


STANCOR 

STANDARD  TRANSFORMIR  CORPORATION 

ISOO  NOITH  HALSTED  SHEET  CHICAGO  22.  ILLINOIS 


R-F  BAKING  (continutd) 

plications  have  included  eggs  (40 
Ib/hr/kw),  chickens  (30  Ib/hr/kw), 
and  a  wide  variety  of  packaged 
frozen  foods. 

Another  application  somewhat  re¬ 
lated  to  defrosting  is  the  warming 
through  of  dough  to  promote  rising. 
A  reduction  of  shortening  required 
is  said  to  be  made  possible  by  the 
rapid  and  substantially  uniform 
warming  experienced  with  electronic 
heating. 

Cooking  and  Baking 

With  only  three  kilowatts  or  less 
of  electronic  heat,  heavy  cookies  I 
inch  thick  by  3  inches  in  diameter 
have  been  baked  in  76  seconds.  Fruit 
cake  has  been  baked  in  glass  dishes. 
Homogeneous  foods  such  as  meat 
loaf,  diced  vegetables,  cored  apples 
and  many  meal  and  dour  products 
have  been  readily  cooked.  A  five- 
pound  leg  of  lamb  was  roasted  per¬ 
fectly  in  30  minutes,  gravy  and  all. 
This  would  have  taken  2  to  3  hours 
in  an  ordinary  oven. 

Cooking  or  baking  is  an  art  that 
requires  more  than  time  and  tem¬ 
perature.  The  application  of  elec¬ 
tronic  heat  to  such  an  art  will  require 
cooperative  development.  For  ex¬ 
ample,  the  electronically  baked  cookie 
had  no  brown  crust,  and  its  surface 
color  was  much  the  same  as  its  in¬ 
terior.  Crusting  could  be  readily  ad¬ 
ded  as  a  finishing  operation  using 
infrared  lamps  or  electric  strip  heat¬ 
ers.  In  either  case,  the  overall  bak¬ 
ing  time  would  be  definitely  reduced 
but  such  necessary  changes  in  baking 
technique  must  be  decided  by  trial. 

Melting 

Chocolate,  cocoa  mixtures,  sugar 
in  several  forms,  starches,  and  other 
products  can  be  melted  with  elec¬ 
tronic  heat.  The  rapid  and  substan¬ 
tially  uniform  heat  was  of  real  ad¬ 
vantage.  In  certain  cEises  special 
fixture  design  was  required  because 
of  the  product's  tendency  to  foam. 
This  was  the  case  with  dextrose  and 
with  lump  sugar.  Sugar  syrup  does 
not  foam,  nor  does  chocblate,  nor 
starch  which  rapidly  reduced  to  a 
jellydike  mass  with  electronic  heat. 
When  the  product  to  be  heated  has 
both  lumps  and  powder,  the  lumps 
may  be  expected  to  heat  about  twice 
as  fast  as  the  powder. 

Mold  inhibition  is  an  excellent  ap* 
plication  and  has  produced  positive 
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DELIVER  OUTPUT  VOLTAGE  CONSTANT  TO  ±^% 


Get  These  Principal 
Operating  Advantages: 

•  Control  of  output  voltage  to 

within  of  1 1 5  or  230  V. 

•  Stabilization  at  any  load  with¬ 
in  rated  capcKities. 

e  Quick  response.  Stabilizes 
varying  input  voltage  within 
1/20  second. 

e  Entirely  automatic.  No  ad{ust- 
ments.  No  moving  parts.  No 
maintenance. 


Fluctuation  of  line  voltage  need  not  impair  the 
performance  of  your  electrical  equipment.  Such  vari* 
adons  are  easily  corrected  with  magnedc-type,  en¬ 
tirely  automadc  Raytheon  Voltage  Stabilizers. 

Positive  control  is  gained.  Power  supply  is  stabi¬ 
lized  to  ±  V^%.  Reliability  and  accuracy  of  perform¬ 
ance  are  effecdvely  improved,  and  at  low  cost, 

Invesdgate.  Determine  how  posidve  control  of 
line  voltage  can  benefit  your  equipment.  Our  Bulletin 
DL-48-537  giv€»  the  detailed  story.  Write  for  it  today. 


industrial  Sluctronics  Division,  Waltham  54/  Mass.  ^xce^etrcs  f#t 


! 
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A€RO 

OPEN  BLADE 

SWITCHES 


1316  Superior  Avenue  Cleveland  14,  Ohio 


results.  Whole  wheat  bread,  Boston 
brown  bread,  and  white  bread  so 
treated  remained  mold-free  for  over 
two  weeks.  An  untreated  control  loaf 
showed  mold  before  the  end  of  the 
second  day.  The  protective  treatment 
was  given  directly  after  wrapping 
and  sealing  the  loaf  in  cellophane. 
Electronic  heat  developed  the  tern- 
perature  of  140  F  uniformly  through¬ 
out  the  loaf  in  a  matter  of  seconds. 
The  small  amount  of  moisture  con¬ 
densed  on  the  inside  of  the  cellophane 
wrapper  during  heating  was  quickly 
reabsorbed  by  the  loaf  during  the 
cooling-off  period.  The  treated  prod¬ 
uct  suffered  no  change  of  texture  or 
taste. 


Other  Food  Applications 


Carmelizing,  dehydrating,  dein- 
festing,  popping,  and  sterilizing  have 
been  done.  Work  in  the  food  field  has 
covered  a  long  list  of  products  rang¬ 
ing  alphabetically  from  apples  to 
yeast  and  including  birdseed,  candy, 
cereal,  cinnamon.  Corn,  eclairs,  gela¬ 
tin,  licorice,  malt,  meats,  muffins, 
nuts,  potatoes,  spices,  and  starch. 

Figures  1,  2,  and  3  show  how  white 
flour,  a  prepared  biscuit  mix,  and  a 


Check  these  Advantages 


R-F  BAKING 


^  OPERATING  CHARACTERISTICS  TO  FIT  THE  JOB 

▼  —1,  2  and  3  poles — single  throw  or  double  throw. 

Return  type,  set  type — wide  range  of  operating 
pressures.  Many  applications  solved  by  multiple 
mountings. 

^  GREATER  DEPENDABILITY — Careful  designing  and 

^  manufacturing,  producing  positive,  fast  action  and 
greater  contact  pressures,  make  ACRO  Snap-Action 
Switches  sturdy  and  trouble-free. 

^  RATINGS— 15  Amps,  at  125  volts  AC. 

Send  in  your  engineering  defails  for  quick  help. 


(continued) 


V 

V 


LONGER  LIFE — based  on  ACRO  patented  beryllium 
Rolling  Spring  principle.  Some  ACRO  Switches  are 
guaranteed  for  ten  million  operations. 


ALL  SHAPES  AND  SIZES— requiring  less  space— 
to  fit  any  conceivable  need  of  your  new  units.  Will 
perform  perfectly,  mounted  in  any  position. 


WATER  -3  Ve 
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<  100 


20  40  6C  90  100 
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Vieot  resistonce 


Heat  is  a  limiting  factor  in  design,  as  designers  and 
manufacturers  of  electrical  equipment  know.  It’s  an 
obstacle  to  maximum  operating  efficiency  and  is  a 
prime  source  of  trouble  for  the  user  of  the  equipment. 

As  a  base  for  impregnating  varnishes  of  all  types, 
including  those  specifically  developed  for  high 
temperature  applications,  Fiberglas  Electrical 
Insulation  Materials  provide  the  fully  tested  solu¬ 
tion  to  many  high-heat  problems.  Furthermore,  it 
provides  a  means  of  overcoming  many  other  con¬ 
ditions  which  are  the  major  sources  of  insulation 
failure — such  as  moisture,  corrosive  vapors  or  acids, 
and  overload. 

In  addition  to  unmatched  mechanical  and  elec¬ 
trical  advantages,  Fiberglas  Electrical  Insulations 
can  help  give  your  product  extremely  valuable 
merchandising  features  and  sales  influence. 

The  full  line  of  Fiberglas  Electrical  Insulation 
Materials  can  help  you  solve  a  heat  problem — help 
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increase  the  operating  efficiency  of  your  products — 
reduce  maintenance  requirements  or  provide  a 
potent  sales  advantage. 

Get  complete  information — ^write  for  a  copy  of 
“Are  your  motors  a  good  insurance  risk?”  The 
name  of  the  Distributors  serving  your  locality  will 
also  be  furnished  if  you  desire.  Owens-Coming 
Fiberglas  Corp.,  1860  Nicholas  Bldg.,  Toledo  1, 
Ohio.  Branch  Offices  in  Principal  Cities. 

In  Canada:  Fikerglas  CMnadu  Ltd.,  Oshaws,  Omtaru 

r  ■  .  ’■  ■  ■ 

OWENS-CORNING 

Fiberglas 

fa  Ma  at  rat 

^ _ 

Electrical  Insulation  Materials 
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Now  — with  the  increasing  multitude  of  electronic  applica¬ 
tions,  exacting  the  utmost  in  dependability,  make  sure  with 
Potter  Quality.  Light,  durable,  space-saving — the  highest  achieve¬ 
ment  in  capacitor  material  design  and  construction,  for  today*s 
precision  requirements  in  electronics.  yd///;;///////w-contained— 
oil-filled — neoprene  bakelite  seals.  Durable.  Space-saving.  Far 
surpassing  cardboard  tubulars  in  every  point. 

Here’s  Evidence!  Remarkable  Record  of  Potter  Acceptance 

Under  the  most  rigid  Signal  Corps  inspection — under  condi¬ 
tions  of  the  most  intense  humidity,  acceptance  of  POTTER 
CAPACITORS  ran  99  9/10  percent.  Potter  Capacitors  have  been 
specified  for  many  types  of  Army,  Navy,  and  C.A.C.  equipment. 

Assure  your  product  the  constant,  high  fidelity  reproduction 
of  Potter  Capacitors  to  your  specifications— performance  always 
faithful  to  the  ideal,  under  any  and  every  condition  of  operation. 

In  ratings  up  to  2,500  volts 

Ask  for  full  details.  Get  all  the  facts  on  Potter  superiorities — 
and  compare!  PROMPT  DELIVERY.  Wire  or  Write 


POTTER 


a  coinmercial  installation,  where  radi¬ 
ation  and  fixtures  losses  are  neglig. 
ible  compared  to  energy  in  the  prod¬ 
uct,  almost  double  this  heating  rate 
per  pound  would  be  experienced  for 
each  kilowatt  of  applied  energy. 

For  the  bakery  the  following  are 
felt  to  offer  the  most  immediate 
value :  an  electronic  baker  for  baking 
thick  cookies  either  completely  or  at 
least  during  the  early  stages  so  as 
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^  Metal -Contained  —  Oil-Filled 
with  Neoprene  Bakelite  Seals 
VASTLY  SUPERIOR  TO  ORDINARY  CARDBOARD  TUBULARS 


T\q.  3 — ^Eloctronle  hooting  of  glngorbread 
mix 


Fig.  2 — Electronic  heating  of  prepared 
biscuit  mix 


to  strike  through  and  initiate  heat¬ 
ing  of  the  core,  an  electronic  mold  in¬ 
hibitor  for  packaged  goods,  and  an 
electronic  defroster  for  frozen  fruits 
and  eggs. 


Popular  Misconceptions 


To  make  use  of  electronic  heat  to¬ 
day,  the  following  ideas  must  be  dis¬ 
carded  as  either  downright  fanciful 
or  at  least  of  no  proven  basis. 


(1)  That  for  each  material  there 


WATER  3-3  % 
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25 
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The  new  Cardiotron,  a  direct-writing  medical 
instrument,  makes  an  instantaneous  tape 
recording  of  heart  action,  permanently  visible  the 
instant  it  occurs.  Shown  at  left,  this  ultra-sensitive 
device  uses  four  G-E  Neon  Glow  Lamps, 
engineered  into  the  product  design,  to  provide 
these  sales-making  protection  features: 

(1)  quick  visual  indication  of  proper  grounding 
and  current  flow,  (2)  correct  connection 
to  AC,  (3)  protection  against  surges,  and 
(4)  good  voltage  regulation. 


The  Cardiotron  u  a  product 
of  EUoctro-Phytical  Labora- 
toriat,  Inc.,  IS  West  ISth 
Street,  New  York  II,  N.  Y. 


Typical  new  and  practical  uses  of  G-E  Glow 
Lamps  are  shown  at  left.  They  merely  hint  at 
hundreds  of  almost  unbelievably  low  cost  applications 
on  home  appliances,  wiring  devices,  and  many  types  of 
industrial  equipment.  Why  not  consider  these  distinc¬ 
tive  sales  features  of  G-E  Glow  Lamps  on  your  products: 

1.  Distinctive  orange  red  glow,  needs  no  cover  glass. 

2.  Dependable  long  life— rated  at  3,000  hours. 

3.  Very  low  current  consumption. 

4.  Variety  of  sizes  and  wattages. 

5.  High  resistance  to  vibration  and  shock. 

6.  Usable  on  AC  or  DC  circuits. 

7.  Work  on  regular  105-125  volt  circuits  without  the 
use  of  step-down  transformers. 

8.  Practically  no  heat. 


FREE  NEW  FOLDER  describes  typical  uses  for  G‘E  Neon 
Glow  Lamps  and  gives  lamp  data.  Write  address  below. 


C  E  LAMPS 
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Nela  Specialty  Div.  Lamp  DepL,  1  Newark  Sl^  Hoboken^  N.  J. 
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Your  SHURE  Pickup  Check  List 


low  mass 


faithful  tracking 


higher  output 


greater  lateral  needle 
point  compliance 


IVs  02.  needle  force 


no  springs 
no  counterweights 


absorbs  shocks 


longer  record  life 


clearer,  fuller  tone 
qualities 


^  lever-driven  crystal 


MODEL  93A>-$5.50  LIST 

Immediately  Available  at  Shure  Distributors  Everywhere 

PtUenUd  by  Shure  Brotkere.  Lieeneed  under  the  PtitenU  of  the  Brueh  Development  Company 

SHURE  BROTHERS 


Dmsignfs  and  Manufactwn  of  JWerophonoi  and  Acoustic  DevfCM 

225  West  Huron  Street,  Chicago  10,  Illinois 
Coble  Address:  SHUREMICRO 
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is  one  special  frequency  which  pro¬ 
duces  super  results  not  possible  at  a 
frequency  slightly  different 

(2)  That  higher  frequency  will  al¬ 
ways  give  better  results. 

(3)  That  there  is  something  magic 
about  a  Ktu  of  electronic  heat. 

(4)  That  electronically  heated  ma¬ 
terial  escapes  the  conventional  laws 
of  thermo-dynamics,  chemistry,  etc, 
and  that  nothing  limits  the  maximum 
speed  of  electronic  heat 

(6)  That  dielectric  fields,  as  such, 
have  germicidal  power. 

(6)  That  electronic  heaters  have 
some  mysterious  effect  upon  persons. 

The  special-frequency  fallacy  seems 
logical  until  one  runs  tests  on  food 


Fig.  4 — ^Th*  electrical  loea  focter  ei  fbed  Is 
procttcolly  constant  over  a  wide  ireqnencj 
range 


after  food  as  represented  in  Fig.  4. 
Oyer  the  usable  frequency  range,  we 
have  no  magic  frequency  and  could 
use  almost  any  practical  value  as  long 
as  it  is  effective  and  does  not  require 
too  high  a  voltage  across  the  product 
In  spite  of  exceptions  in  the  chemical 
field,  it  may  be  stated  that  thus  far 
no  magic  frequency  has  basis  for 
recognition  in  the  heating  of  food 
products. 

Use  of  a  higher  frequency  sounds 
progressive  but  it  gives  better  results 
only  if  lower  work  voltages  are  es¬ 
sential  or  if  some  unusual  circum¬ 
stance  exists. 

Electronic  heater  fields  have  nei¬ 
ther  germicidal  power  nor  human 
sterilization  power.  They  are  merely 
capable  of  producing  heat  in  a  faster 
and  more  effective  manner.  The  heat 
so  created  may  be  more  advanta¬ 
geously  located  but  it  behaves  exactly 
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More  for  the  Money 


RE 


SoIm  R^preientafives 


SOUTHEAST 


Jchi  F.  BMm 
l«t  WalllattM  RaM 

Hlfkpalat,  Nartk  Carallaa 


Elaetraaie  Rapfly  Ca. 

112  Nerth  Mala  Straat 
Andanaa,  Soath  Carallaa 


PACmC  COAST 

Naraiaa  B.  Naaly  Eatarpiiaas 
7422  Malroaa  Avaaaa 
Hallywood  44.  Cal. 


MIDWEST 

BEL  Efalaaaat  Salaa.  laa. 

412  N.  MMilaaa  Blvd. 
Clilaaaa.  III. 


MICHIOAN 

M.  N.  Da«y  A  Co.,  laa. 
2040  Brand  Rivar  Aao.  W. 
Dotrolt  Mleb. 


An  FM  transmitter  is  not  something 
you  buy  every  day  ...  it  must  serve 
you  a  /ong  time.  It  should  therefore 
be  purchased  with  the  greatest  of 
care. 

REL  FM  transmitters  are  built  with 
one  basic  idea  in  mind  —  to  incor- 
p6rafe  every  single  feature  de¬ 
manded  by  the  Broadcaster.  That  is 
why  so  much  attention  has  been  di¬ 
rected  toward  providing  maximum 
performance,  reliamlity,  sim¬ 
plicity,  accessibility  ^11  parts— 
and  use  of  the  best  components. 

it  is  REL'S  constant  specialization 
and  concentration  on  manufacture 
of  FM  equipment  specially  designed 
to  meet  tne  requirements  of  the 
Broadcaster  that  makes  it  possible 
to  offer  such  fine  equipment  at  such 
low  prices. 

Investigate  before  you  buy!  If  your 
location  permits,  visit  our  plant  and 
see  the  REL  transmitters  in  produc¬ 
tion  ...  or  consult  our  nearest  sales 
representative  for  further  details. 


PIONEER  MANUFACTUMRS  OF  FM  TRANSMITTERS 
EMFLOTINO  ARMSTRONG  PHASE  SHIFT  MODULATION 


RADIO  ENGIXEERING  LABS..  IXC. 

,  N  .  Y. 
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radio  standardization  demands 


like  a  Btu  from  any  other  heat 
source. 

In  other  fields  we  may  reasonably 
expect  to  see  electronic  defrosters 
developed  for  commercial  kitchens 
and  for  frozen  food  stores. 

Electronic  cookers  for  special  res¬ 
taurant  and  domestic  use  are  prac¬ 
tical  but  still  expensive  and  addi¬ 
tional  development  is  indicated.  The 
heating  fixture  and  work  mechaniza¬ 
tion  requires  job  engineering  in  every 
case  and  since  the  job  will  decide 
what  the  electronic  heater  must  be 
capable  of  doing,  it  necessarily  fol¬ 
lows  that  the  purchase  of  equipment 
for  an  industrial  application  should 
be  based  upon  the  recommendation 
of  experienced  industrial  electronic 
engineers. 

Operating  Costa 

The  maintenance  problem  is  con¬ 
fined  to  routine  inspection  and  the 
replacement  of  tubes  (average  life 
2,000  hours).  Service  cost  records, 
based  on  several  hundred  r-f  genera¬ 
tors  ranging  in  output  from  three 
to  76  kw  and  located  throughout  the 
East  and  Middle  West,  have  indicated 
an  average  annual  maintenance  cost 
approximately  five  percent  of  the  pur¬ 
chase  price  of  the  generator. 

The  total  of  all  elements  of  oper¬ 
ating  cost  rarely  exceeds  10  cents 
per  hour  per  kw  of  output.  A  three- 
kw  output  unit  costs  about  30  cents 
per  hour  to  operate  whereas  a  25-kw 
output  unit  can  be  operated  for  only 
$1.80  per  hour,  which  is  less  than  six 
cents  per  hour  per  kw  of  output 

These  figures  take  into  considera¬ 
tion  an  overall  electrical  efficiency  of 
60  percent,  conservative  tube  life  of 
2000  hours,  equipment  life  of  ten 
2400-hour  work-years  (300  days  X 
8  hours),  and  annual  maintenance 
cost  equal  to  6  percent  of  purchase 
price.  ^  I 


Designed  for  all  low-level  sound  transmission  circuits 

•  •  •  Cannon  high  quality  at  a  new  low  price 

For  15  years  Cannon  Plugs  have  been  standard  equipment 
on  the  best  microphones,  sound  systems  and  other  broadcast 
equipment.  Now,  with  the  trend  toward  parts  standardiza¬ 
tion  and  the  demand  for  more  compact  fittings,  Cannon 
Electric  introduces  the  new  "radio  universal"  Type  "XL”— 

manufactured  with  the  well-known 
^  Cannon  quality,  at  a  new  low  price. 

All  the  quality  features  you  expect 
in  any  Cannon  Plug  are  built  into 
the  new  "XL"— ample  voltage  and 
amperage  capacities,  specially  posi¬ 
tioned  grounding  contact,  all  screw 
threads  tapped  in  metal,  high  quality 
molded  insulation. 

Ready  now  are  two  plug  types 
and  four  receptacle  types  with  three 
contacts  of  15-amp  capacity  for  No. 

14  B&S  wire. 


SPECIAL 

ENGINEERING 

FEATURES! 


1  •  Convenient 
latchlock  to 
hold  connec¬ 
tion  tight. 

2*  Extremely 
light  weight 
{as  low  as 
1%  ounces}. 

3*  Compression 
gland  with 
.  cable  relief 
spring. 

4*  "Polarized 
connection. 

5*  Smart,  mod¬ 
em  design. 


Electronic’ Contactors  for 
Control  Applications 
W.  D.  Maggborge 

Technical  Ooneultant 
Automatic  Temperature  Control  Co.,  I  no. 
Philadelphia,  Pa. 

Industrial  machine  and  process 
operations  provide  a  wide  field  for 
application  of  electronic  relays  and, 
since  their  construction  presents  no 
appreciable  problem,  new  designs 


CoMMHi  Electric  Pevelopient  Co.,  Los  Aogolos  31,  Calif. 

Canadian  Factory  and  Engintaring  Offic*: 

Cannon  Eloctric  Co.,  Ltd.,  Toronto,  Canada 

REPRESENTATIVES  IN  PRNOPAL  CITKS  —  CONSULT  YOUR  LOCAL  WJWTftlfW 
TaEPHONE  BOOK 

•  Special  "XL”  Bulletin.  Write  Dept.  A-287.  Cannon  Electric 
€^€Sf  TwC/Cd-  DevelopmentCo..3209HumbolatSt.,LosAnceles31. Calif. 
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WHAT  SIZi  MACHINE  SHOULD  I  BUY? 

Your  machine  should  have  ample  ca¬ 
pacity  for  peak  loads,  but  you  should 
not  pay  for  excess  capacity  which  you 
will  not  use.  The  Bruning  BW  System 
not  only  provides  a  careful  analysis  of 
your  print  needs,  but  also  makes  avail¬ 
able  the  exact  size  machine  to  fit  your 
needs— thanks  to  the  completeness  of 
the  BW  line.  (Illustration  shows  only 
a  few  of  the  many  BW  machines 
available.) 


HOW  MANY  TYPES  OF  PRINTS  Will 
I  NEED?  Your  black  line  equipment 
should  be  capable  of  providing 
various  kinds  of  prints  for  depart¬ 
mental  differentiation.  The  Brun¬ 
ing  BW  System  provides  black 
line  prints  on  white  paper,  black 
lines  on  green  paper,  red  line  and 
brown  line  prints.  In  addition,  there 
are  BW  Transparents  and  BW  Film 
for  special  purposes. 


WHAT  ABOUT  SERVICE? 

Bruning  representatives  sell  a  com¬ 
plete  line  of  engineering  and  drafting 
supplies  ...  all  the  way  from  tracing 
paper  to  drafting  machines.  There¬ 
fore,  Bruning  has  a  continuing  inter¬ 
est  in  you  as  a  BW  customer  .  .  .  and 
Bruning  experience  is  always  avail¬ 
able  to  help  you  get  the  most  out  of 
your  BW  machine. 


You  Get  These  Six  Major  Advantages  With  the  BRUNING  BW  SYSTEM 

•  i: _ ..B  ..nntina  and  dGVGloping  mc 


l.A  .impl.  ■"•••>•<•  *•' 

prints  dirnstly  front  Irocings. 

2  17  vGors’  Gxp*ri.nee  in  onolyzing  printmoking  noods^ 

groon-tintod  papors.  th.n,  modtum 
Jopors.  block,  rod  or  brown  bn. 

Lr.nt.  to  .uppl.nt.nt  original  tracings  and  BW  Film 
for  intensifying  pencil  lines  on  tracings. 


A  complete  line  of  printing  and  dmteloping  machines 
to  6t  every  requirement.  -  , 

5.  A  continuing  service  . . .  because  Bruning 

thing  for  the  engineer  ond  draftsman,  not  |ost  BW 
.qufpment.  Buying  a  BW  machine  is.  therefore,  not  a 

“one  time  sale.” 

4.  C.ti..ii<9  '•»«'*  •‘—‘•P"'"*  “  ““ 

tomer’s  Interest. 


CHARLES  BRUNING  COMPANY,  INC. 


Since  1897 


CHARLES  BRUNING  COMPANY,  INC 
4712-16  Montrose  Avenue,  Chicago  41,  Illinois 
Gentlemen:  I  want  to  know  more  about  Bruning  BW 
Prints  and  equipment.  Please  send  me  information. 


NEW  YORK 
Atlonto 
Konigt  City 


CHICAGO 


5t.  Louis 

electronics— Apr;/  1946 


Boston 
Milwaukee 
San  Francisco 


Detroit 

Newark 

Seattle 


LOS  ANGELES 

Houston 

Pittsburgh 


Ntme _ 

CompMty. 
Street 
City _ 


New  CANNON  PLUG  meets 


R-F  BAKING 


(continued) 


radio  standardization  demands 


Designed  for  all  low-level  sound  transmission  circuits 

•  •  •  Cannon  high  quality  at  a  new  low  price 

For  15  years  Cannon  Plugs  have  been  standard  equipment 
on  the  best  microphones,  sound  systems  and  other  broadcast 
equipment.  Now,  with  the  trend  toward  parts  standardiza¬ 
tion  and  the  demand  for  more  compaa  fittings.  Cannon 
Elearic  introduces  the  new  “radio  universal”  Type  “XL”— 

manufactured  with  the  well-known 
Cannon  quality,  at  a  new  low  price. 

All  the  quality  features  you  expect 
SPECIAL  Cannon  Plug  are  built  into 

ENGINEERING  (f^  “XL”— ample  voltage  and 

FEATURESi  amperage  capacities,  specially  posi- 

^  ^11  tioned  grounding  contact,  all  screw 
fl  threads  tapped  in  metal,  high  quality 

hold connec-  molded  insulation. 

2  Ready  now  are  two  plug  types 

*  Ifg^T^etght  and  four  receptacle  types  with  three 

{as  low  as  contacts  of  15-amp  capacity  for  No. 

«  „  nhQ-fl<n  14  B&S  wire. 


1  •  Convenient 
latchlock  to 
hold  connec¬ 
tion  tight. 

2*  Extremely 
light  weight 
{as  low  as 
ounces}. 

3.  Compression 
gland  with 
,  cable  relief 
spring. 

4*  Polarized 
connection. 

5*  Smart,  mod¬ 
em  design. 


CANNON  ELECTRIC 

CoMNM  Electric  Dtwiopieiit  Co.,  Los  Aogolos  31,  ColH . 

Canadian  Factory  and  Enginooring  OfRco: 

Cannon  Eloctric  Co.,  Ltd.,  Toronto,  Canada 

REPRESENTATIVES  IN  PRINOPAL  CITIES  —  CONSULT  YOUR  LOCAL 
TELEPHONE  BOOK 

•  Special  *'XL”  BuUerin.  Write  Dept.  A-287,  Cannon  Electric 
"CrCdd-  DevelopmentCo.,3209HumbolatSt.,LosAnseles31, Calif. 
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like  a  Btu  from  any  other  heat 
source. 

In  other  fields  we  may  reasonably 
expect  to  see  electronic  defrosters 
developed  for  commercial  kitchens 
and  for  frozen  food  stores. 

Electronic  cookers  for  special  res¬ 
taurant  and  domestic  use  are  prac¬ 
tical  but  still  expensive  and  addi¬ 
tional  development  is  indicated.  The 
heating  fixture  and  work  mechaniza¬ 
tion  requires  job  engineering  in  every 
case  and  since  the  job  will  decide 
what  the  electronic  heater  must  be 
capable  of  doing,  it  necessarily  fol¬ 
lows  that  the  purchase  of  equipment 
for  an  industrial  application  should 
be  based  upon  the  recommendation 
of  experienced  industrial  electronic 
engineers. 

Operating  Costs 

The  maintenance  problem  is  con¬ 
fined  to  routine  inspection  and  the 
replacement  of  tubes  (average  life 
2,000  hours).  Service  cost  records, 
based  on  several  hundred  r-f  genera¬ 
tors  ranging  in  output  from  three 
to  76  kw  and  located  throughout  the 
East  and  Middle  West,  have  indicated 
an  average  annual  maintenance  cost 
approximately  five  percent  of  the  pur¬ 
chase  price  of  the  generator. 

The  total  of  all  elements  of  oper¬ 
ating  cost  rarely  exceeds  10  cents 
per  hour  per  kw  of  output  A  three- 
kw  output  unit  costs  about  80  cents 
per  hour  to  operate  whereas  a  26-kw 
output  unit  can  be  operated  for  only 
$1.80  per  hour,  which  is  less  than  six 
cents  per  hour  per  kw  of  output 

These  figures  take  into  considera¬ 
tion  an  overall  electrical  efficiency  of 
60  percent,  conservative  tube  life  of 
2000  hours,  equipment  life  of  ten 
2400-hour  work-years  (800  days  x 
8  hours),  and  annual  maintenance 
cost  equal  to  6  percent  of  purchase 
price.  ,  I 


Electronic' Contactors  for 
Control  Applications 
W.  D.  Maogborge 

Technical  OonsuUant 
Automatic  Temperature  Control  Co.,  I  no. 
Philadelphia,  Pa. 

Industrial  machine  and  process 
operations  provide  a  wide  field  for 
application  of  electronic  relays  and, 
since  their  construction  presents  no 
appreciable  problem,  new  designs 
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—  when  you  choose  Black.  Line  Equipment! 


WHAT  SIZE  MACHINE  SHOULD  I  BUY? 

Your  machine  should  have  ample  ca¬ 
pacity  for  peak  loads,  but  you  should 
not  pay  for  excess  capacity  which  you 
will  not  use.  The  Bruning  BW  System 
not  only  provides  a  careful  analysis  of 
your  print  needs,  but  also  makes  avail¬ 
able  the  exact  size  machine  to  fit  your 
needs— thanks  to  the  completeness  of 
the  BW  line.  (Illustration  shows  only 
a  few  of  the  many  BW  machines 
available.) 


HOW  MANY  TYPES  OF  PRINTS  WILL 
I  NEED?  Your  black  line  equipment 
should  be  capable  of  providing 
various  kinds  of  prints  for  depart¬ 
mental  differentiation.  The  Brun¬ 
ing  BW  System  provides  black 
line  prints  on  white  paper,  black 
lines  on  green  paper,  red  line  and 
brown  line  prints.  In  addition,  there 
are  BW  Transparents  and  BW  Film 
for  special  purposes. 


WHAT  ABOUT  SERVICE? 

Bruning  representatives  sell  a  com¬ 
plete  line  of  engineering  and  drafting 
supplies  ...  all  the  way  from  tracing 
paper  to  drafting  machines.  There¬ 
fore,  Bruning  has  a  continuing  inter¬ 
est  in  you  as  a  BW  customer  .  .  .  and 
Bruning  experience  is  always  avail¬ 
able  to  help  you  get  the  most  out  of 
your  BW  machine. 


You  Get  The*.  Six  Major  Advantages  With  the  BRUNING  BW  SYSTEM 

.  .  ■  . .  -I  nnd  (l*v«loDina  me 


l.A  VGrwtiU,  timpU  m.thod  for  making  black  lino 
print!  dirGGtIy  from  tracings. 

2. 17  yoars’  oxporionco  in  analysing  printmaking  noods. 
3  A  eomploto  lino  of  matorials,  including  whito  and 
*  pop.r.,  Ain, 

%pors.  black,  rod  or  brown  lino  prints. 

paronts  to  supplomont  original  tracings  and  BW  Film 

for  intonsifying  poncil  linos  on  tracings. 


5. 


A  eomploto  lino  of  printing  and  dovoloping  machinos 
to  fit  ovory  roquiromont.  --  , 

A  continuing  sorvico  . . .  bocauso  Bruning  soHs  ovo^ 
thing  for  tho  onginoor  and  draftsman,  not  |ust  BW 
•quipmont.  Buying  a  BW  machino  is.  thoroforo,  not  a 
“ono  timo  solo.” 

i.  Continuing  rosoarch  and  dovolopmont  in  tho  cus- 
tomor’s  intorost. 


CHARLES  BRUNING  COMPANY,  INC. 


NEW  YORK 

Atlanta 
l^onias  City 


S/nco  1897 
CHICAGO 


LOS  ANGELES 


St.  Louis 
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Boston 
Milwaukoo 
Son  Francisco 


Detroit 

Newark 

Seattle 


Houston 

Pittsburgh 


CHARLES  BRUNING  COMPANY,  INC 
4712-16  Montrose  Avenue,  Chicago  41,  Illinois 
Gentlemen:  I  want  to  know  more  about  Bruning  BW 
Prints  and  equipment.  Please  send  me  information. 

Ntme _ _ _ _  _ _ 

Company _ _ _  _ 

Street _ _ _ _ _ _ _ 

City -  - . . 
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ELECTRONIC  CONTACTORS  (contlnutd) 


are  appearing  frequently.  Basically, 
however,  these  electronic  relays  may 
be  divided' into  three  main  groups: 
the  vacuum-tube  type,  the  cold-cath¬ 
ode  type,  and  the  hot-cathode  type. 

Vacuum-tube  Type 


Figure  1  shows  a  fundamental  cir¬ 
cuit  for  this  type  of  unit  Tube 
usually  a  medium-mu  triode  such  as 
the  6J6,  is  biased  to,  or  near,  cutoff 
by  the  bias  supply  B».  In  this  condi¬ 
tion,  little  or  no  current  flows 
through  the  plate-cathode  circuit. 


Zfc/fc/  aml/cMc  — 

ELECTRONIC 
VOLTMETER  I 


.4 


THIS  MOdil  SiZ 

SmmMv*  S««tr0irfc  Volt* 
motor  fo  •  MOW  bottory 
0|Mirf  #  vorslofi  of  tho 
stcnNkn^  MMM  aOO  lUC 
0|»or«to4  Yoilmotor. 
0|i»r«f«t  from  iigat* 
Orolaiit  ttttttorloB  «gii- 
nrfiioOi  witMii  tfio  ocnrry- 
I«I9  ««•••. 


MODR  300  I 

AC  oporofMl  ‘ 

1 


Incorporating  the  popular  single 
logarithmic  voltage  scale  and 
uniform  decihel  scale,  the  Model 
302  battery  operated  instrument 
retains  all  of  the  desirable  fea- 
j  tures  and  performance  of  the 
standard  Model  300  AC  operated 
voltmeter  illustrated  at  the  left. 

Voltage  Range  =.001  to  100  volts 
Frequency  =  5  to  150,000  cycles 
Accuracy=2%  at  any  point  on  scale 


The  Model  302  Voltmeter  will  be 
found  useful  where  A.  C.  supply  is  not  available, 
as  for  example  in  airplanes,  boats,  automobiles, 
in  the  field,  etc.  Also  valuable  for  making 
measurements  on  ungrounded  and  symmetrical 
circuits.  Batteries  meet  JAN  specifications. 

Send  for  Bulletin  Jar  further  description 


SIW  JIISiY  B.S.iL 


Fig.  1 — Circuit  of  eloctronic  relay  using  a 
vacuum  tube.  Addition  of  capacitor  Ci 
provides  delayed  action 

When  the  control  contacts  Si  are 
closed,  the  grid  of  the  tube  is  con¬ 
nected  directly  to  the  cathode.  This 
reduces  the  bias  on  the  tube  to  zero 
and  a  current  of  between  six  and  ten 
milliamperes  flows  through  the  relay 
and  pulls  it  in. 

The  current-multiplying  effect  of 
such  a  circuit  is  large.  With  a  bias 
voltage  of  —10  volts  and  a  grid  re¬ 
sistor  of  two  megohms,  the  maxi¬ 
mum  current  that  can  flow  through 
the  control  contacts  St  will  be  five 
microamperes. 

The  contacts  on  the  relay  can  be 
easily  designed  to  handle  a  single  or 
dual  three-ampere  inductive  circuit. 
This  gives  in  effect  a  current  amplifi¬ 
cation  of  3/0.000006  or  600,000.  For 
noninductive  circuits,  the  relay  con¬ 
tacts  can  be  rated  at  a  higher  current 
capacity  and  the  amplifying  factor 
may  run  as  high  as  two  or  three 
million. 

If  the  contacts  St  form  a  high  re¬ 
sistance  when  they  are  in  the  closed 
position,  the  bias  will  be  only  par¬ 
tially  removed  from  the  grid  of  the 
tube  and  the  plate  current  will  not 
rise  to  its  full  value.  This  may  cause 
the  relay  action  to  be  erratic  and 
prevent  snap  action. 

This  type  of  electronic  relay  has 
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For  Imear  variation  of  light  output  with  current 


SYLVANIA  GLOW 


The  Glow  Modulator  Tube  1B59^1130B  produced 
by  Sylvania  Electric  is  designed  to  meet  the 
needs  of  practically  any  application  requiring 
an  essentially  linear  relationship  between  current 
and  light  output. 

In  this  crater-type  tube,  a  high  ionization 
density  is  obtained.  In  addition,  the  discharge 
is  viewed  in  depth.  These  two  factors  combine 
to  provide  a  high  effective  density. 


Electrical  Ratings: 

Operating  Voltage 
Operating  Current 
Starting  Voltage 
Modulating  Frequency 
Range 

Useful  Light  Range 
Filament  Voltage 


1 40  volts  max. 

5—35  ma. 

225  volts  max. 

15-15,000  c.p.s. 
3500—5500  Angstroms 
None:  Cold  Cathode 


Applications 

The  high -intensity  light  output  of  Sylvania 
Glow  Modulator  Tubes,  and  their  virtually 
linear  relationship  between  current  and  light 
output,  suggest  many  fields  of  application, 
such  as: 

Facsimile  recording 
Sound  on  film 

Oscillograph  timing  markers 
Stroboscopic  devices 
Seismograph  recorders 
Photoelectric  counters 

Sylvania  engineers  will  be  glad  to  work  with 
you  in  exploring  specific  fields  of  application 
for  Glow  Modulator  Tubes. 


I  B  59 

o,Hll30B  . 

•^AOe  in 


(  »  ^  -  -■ 


-  '  .  I 


The  Syivonia  Oiow 
lledulotor  Tube 
IR59/1l30i 


E  +300  voitt 
C  0.05  microfarad 
Ri  0.5  mogohm 
Rz  675  ohms 
Vi  6L6G 
Vt  1B59/1130S 


Fig.  1 


SYLVANIAVrELECTRIC 

Electronics  Division . . .  500  Fifth  Avenue,  New  York  18,  N,  Y» 
makers  of  electronic  DEVICES:  radio  TUBES:  cathode  ray  TUBES;  FLUORESCENT  LAMPS.  FIXTURES.  WIRING  DEVICES:  ELECTRIC  LIGHT  BULBS  K 
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PRODOCT  REDE  IN 


Problem:  Redesign  intricate 
push-button  switch  parts. 
Parts  must  have  good  insu¬ 
lating  prouertieSt  permanency 
of  finish  and  appearance. 

Solution:  Molded  insurok- 
because  it  can  be  precision 
molded  into  practically  any 
form  —  makes  available 
many  new  design  and  struc¬ 
tural  possibilities.  Threads, 
holes,  trade-marks — can  be 
molded  right  into  INSUROK 
parts  and  no  further  finish¬ 
ing  is  required  after  molding. 


Whether  you  are  design¬ 
ing  a  new  product  or 
redesigning  a  present 
one— let  Richardson 
Plasticians  help  you. 
They  are  highly  trained 
in  the  proper  use  of 
INSUROK  Precision 
Plastics,  and  will  show 
you  new  ways  to  higher 
profits  and  greater  satis¬ 
faction.  Write  today! 


Allen^Bradley 

Company 


'-7/n-  RIOLARDSON  COMPAN'i' 

lOCKLAND,  CINCINNATt  15,  OHIO  FOUNDED  1  8  5  8  So/ei  H^odquorfen  M  E  I  R  O  S  E  PA  R  K  ,  I  L  L 

Salet  Office,  NEW  YORK  6  .  CLEVELAND  15  .  DETROIT  2 

Factorial  MELROSE  PARK,  ILL.  NEW  BRUNSWICK,  N.  J  INDIANAPOLIS,  IND. 


ELECTRONIC  CONTACTORS  (continutd) 

time-delay  action.  Since  the  bias 
cidcuit  of  the  tube  must  be  direct 
current  to  obtain  proper  operation, 
resistive  and  capacitive  components 
can  be  added  to  delay  the  action  of 
the  grid  and  therefore,  of  the  relay. 
A  suitable  capacitor  connected  as  C, 
in  Fig.  1  will  serve  this  purpose.  The 
relay  then  will  not  respond  to  very 
rapid  changes  in  contacts  Si  and  for 
this  reason,  contact  chattering  can 
be  minimized  and  suitable  time  de¬ 
lays  for  certain  applications  can  be 
introduced. 

Cold-cathode  Tube 

Figure  2  illustrates  the  funda¬ 
mental  circuit  given  in  tube  manuals 
for  a  radio-frequency-controlled  re¬ 
lay.  Tube  Vi  could  be  an  OA4G  cold- 
cathode  gas  triode,  or  a  similar  tube. 
Resistors  R^  and  R,  are  proportioned 


Fig.  2 — ConTentional  ralay  qirciUt  ior  a 
filamentl«M  cold-certhoda  tube 


SO  that  the  igniter  electrode  will 
normally  be  maintained  below  its 
firing  potential.  The  control  contacts 
Si,  when  closed,  raise  the  igniter 
potential  by  means  of  paralleling  re¬ 
sistor  Rt  and  fire  the  tube.  A  relay 
current  of  twenty-five  milliamperes 
is  usually  maximum  for  this  type  of 
tube. 

As  soon  as  the  control  contacts  are 
opened,  the  igniter  is  returned  to  its 
original  potential  and  the  tube  will 
cease  firing  on  the  first  a-c  supply 
cycle  that  makes  the  anode  of  the 
tube  negative  to  the  cathode.  In  all 
relay  circuits  where  a-c  is  used  and 
the  tube  acts  as  a  half-wave  rectifier, 
the  relay  is  subjected  to  half-wave 
pulses  and  must  either  be  a  fully 
shaded  pole  a-c  type  or  must  be 
paralleled  with  a  suitable  filter  ca¬ 
pacitor  to  smooth  out  the  half-wave 
pulses  and  prevent  chattering. 

Assuming  a  116-volt,  rms,  a-c  sup¬ 
ply  for  the  circuit  shown  in  Fig.  2, 
the  peak  anode-cathode  voltage  would 
be  164  peak  volts  and  the  igniter 


194 


April  1946  —  ELECTRONICS 


E 


April  1946  —  ELECTRONICS 


ELECTRONIC  CONTACTORS 


(centinu«d) 


PANEL  INSTRUMENTS  j| 


The  heart  of  every  Burlington  Instrument  — 
and  the  reason  for  its  high  degree  of  depend* 
ability  —  is  the  Burlington  Precision  Move¬ 
ment. 

Design,  material,  and  manufacturing  proc¬ 
esses  are  selected  in  such  a  manner  that 
Burlington  gives  you  a  rugged  instrument  — 
which  may  be  subjected  to  rough  usage  —  and 
still  retain  its  original  calibration  characteristics.  All  DC  instru¬ 
ments  employ  Alnico  magnets  which  are  known  to  be  more  highly 
resistant  to  shock,  heat,  vibration,  and  stray  fields  than  any  other 
magnetic  material. 

All  ranges  AC  &  DC  are  available  in  2^'',  3^"  and  4^^^  sizes, 
both  square  and  round,  flush  mounting.  > 

Engineering  Service  Furnished  for  Specialized 
Applications,  No  Obligation,  Write  Today  for 
Further  information, 

BURUNGTON  INSTRUMENT  CO. 

IM  rovuTM  srnuT  BURLINGTON,  IOWA  t  \ 


PANa  msTRUMmrs  •  voltage  rig 

UUTORS  •  AUTOMATIC  SYNCHRO¬ 
NIZERS  •  EREQUINCY  RIGUUTORS 


electrode  should  be  maintained  at 
approximately  60  peak  volts  to  pre¬ 
vent  firing.  To  insure  ignition  for 
run-of-the-mill  tubes,  this  potential 
should  be  raised  to  90  peak  volts 
when  control  contacts  Si  are  closed. 
If  El  is  150,000  ohms  and  Et  is  100,- 
000  ohms,  the  additional  current  re¬ 
quired  through  Et  to  raise  the  igniter 
to  the  firing  potential  of  90  peak 
volts  will  be  90  —  60  volts/100,000 
ohms,  or  0.0003  ampere.  This  addi¬ 
tional  current  would  be  obtained 
through  resistor  E,  and  would  have 
.to  pass  through  control  contacts  Sx. 

Limitations 

Increasing  the  values  of  resistors 
El  and  Et  would  reduce  the  control 
current  requirements  proportionally, 
but  their  values  cannot  be  made  too 
large  because  the  igniter  current  re¬ 
quired  to  fire  the  tube  is  appreciable 
(approximately  100  microamperes), 
and  an  excessive  voltage  drop 
through  El,  when  the  tube  fired, 
would  cause  unstable  operation.  To 
supply  the  0.0003-ampere  control 
current.  Eg  would  require  a  value  of 
413,833  ohms. 

The  cold-cathode  circuit  is  simple 
to  construct  and,  if  the  tubes  used 
are  reasonably  uniform,  will  give 
satisfactory  results  for  most  applica- 


OAAG  CONTROLLED 
CIRCUIT 


Fig.  3 — Actuation  by  a  spocific  carrier  fre¬ 
quency  is  provided  by  adding  a  tuned 
circuit  to  Fig.  2 

tions.  This  circuit  has  certain  dis¬ 
advantages,  such  as  the  necessity  for 
handling  rather  high  potentials  in 
the  control  circuit,  and  the  limitation 
of  the  relay  current  to  25  milli- 
amperes. 

The  relay  circuit  shown  in  Fig.  3, 
is  an  interesting  application  of  the 
cold-cathode  tube  to  r-f  carrier  relay 
service.  This  circuit  is  similar  to 
Fig.  2  except  that  a  high-Q  tuned  r-f 
circuit  (LC)  is  inserted  as  shown. 
When  no  r-f  is  present,  the  igniter  is 
maintained  below  its  firing  potential 
by  the  voltage  divider  Ei  —E,;  if  an 
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Now  YOUR  MACHINES  CAN  HAVE  THE 
DESIGN  ECONOMY  made  possible  by  Waldes  TRUARC  Retaining  Rings! 
Truarc  allows  lighter,  more  compact  units  — makes  assembly  of  machine 
parts  quicker,  easier.  Its  perfect  circularity  gives  better,  more  dependable 
retention.  Truarc  rings  save  weight,  space,  time  and  costs  in  every  type  of 
mechanical  application.  The  crescent  type  is  only  one  of  six  special  Truarc 
rings.  There's  a  Truarc  ring  for  your  machines,  too. 

witLBEs  TRUARC  /mr 

retaining  rings 

WAIDES  KOHINOOR  INC.,  LONG  ISLAND  CITY  1,  N.  Y. 

CANADIAN  RmcSCNTATlVCi  rRENCO  rSOOMCSS  AHO  CNQINEERINO  COUP  LTD.,  72-74  STAFFORD  STREET.  TORONTO 


Send  today  for  your  free  copy  of  our 
new  booklet— ’Outstanding  Truarc  ApplicatiORS 
in  American  Industry.*  See  how  Truarc  can  im¬ 
prove  your  product,  while  reducing  production 
and  maintenance  costs.  Specify  booklet  ISA. 
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Reliable  specializes  in  the  design  and  production  of  springs 
to  high  precision  standards— springs  exactly  adapted  in  every  de¬ 
tail  to  the  work  they  must  perform.  Master  craftsmanship  is  applied 
to  every  job  in  our  plant.  Spring  users  whose  demands  are  dis¬ 
tinctly  above  average  — who  require  an  uncommon  degree  of 
accuracy  and  uniformity — ^find  Reliable  spring  service  most  satisfactory. 

We  are  large  volume  producers,  yet  our  organization  is  built  so  that  it  is  easy 
for  you  to  bring  your  individual  problem  directly  to  competent  executives,  and 
receive  their  personal  attention.  In  addition  to  our  regular  production  facilities, 
we  maintain  a  complete  small  order  department.  Carefully  designed  tools  re¬ 
duce  the  necessity  for  time-consuming  setups,  and  large  stocks  of  standard 
sizes  of  wire  speed  up  delivery.  Reliable  engineers  are  fully  qualified  to  help 
you  work  out  technical  problems  in  spring  design.  Reliable  Representatives  in 
key  cities  are  always  available  for  preliminary  engineering  and  counsel. 
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CUPS  HOOKS  ^  BESiDS 
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This  slectronic  contactor  is  smployed  in  a 
tomperaturs  control  system  that  requires 
snop<icting  spdt  contacts  carrying  12  am¬ 
peres  of  noninductlTe  a*c  cmd  which  are 
actuated  by  on  impulse  of  two  miao- 
amperes 

to  use  very  light  moving  contacts, 
the  contact  potential  must  be  kept 
at  a  minimum  to  prevent  the  electro¬ 
static  forces  present  from  causing 
contact  chattering.  In  addition,  the 
current  available  for  relay  operation 
is  practically  unlimited,  with  100 
milliamperes  as  a  normal  value  for 
the  smaller  thyratrons. 

Figure  4  shows  a  typical  circuit 
using  a  GL502A  thyratron.  The 
maximum  relay  current  for  this  tube 
is  100  milliamperes.  Bias  is  supplied 
to  the  grid  by  the  6.3-volt  filament 
transformer  and  prevents  the 
tube  from  firing.  When  control  con¬ 
tacts  Si  are  closed,  the  grid  is  re¬ 
turned  to  the  cathode,  the  bias  is 
removed,  and  the  tube  will  fire. 

The  rms  current  flowing  through 
the  control  contacts  is  given  by  the 
expression  6.3  volts/ (iJi -H  B*). 
we  assign  a  value  of  two  megohms  to 
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r-f  carrier  of  the  proper  frequency 
appears  across  the  line  terminals,  an 
r-f  voltage  will  appear  across  L  and 
supplement  the  existing  igniter 
cathode  potential  sufficiently  to  fire 
the  tube. 

Hot-cathode  Type 

If  the  cold-cathode  triode  is  re¬ 
placed  by  a  hot-cathode  thyratron, 
the  control  circuit  voltage  may  be  re¬ 
duced  to  a  few  volts.  This  is  often 
important  because  when  it  is  desired 


Adhrhm  at  mf  yasr  nq&Irmmmafs,  pafatog  saaf  ea  raqaasf. 

THE  RELIABLE  SPRING  &  WIRE  FORMS  CO. 

iUT  PoNm  la..  CtovBlaad  9.  Obla  •  t«prMMrfatfv*«  te  Macfpaf  CftfM 


For  more  than  twenty-five  years,  new 
and  unusual  electrical  appliances  of  all 
types — molded  in  whole  or  in  part  of 
Durez  phenolic  plastics  —  have  been 
successfully  marketed  to  the  consumer. 
One  of  the  latest  items  to  come  within 
this  category  is  the  "Heet-lt"  illus¬ 
trated.  This  new  appliance  was  de¬ 
signed  primarily  for  heating  baby  food 
in  the  nurseiy — to  save  busy  mothers 
many  daily  trips  to  distant  kitchens. 
Other  applications  such  as  a  bedside 
coffee  and  broth  cooker  are  obvious. 

Why  Plastics? 

Notice  the  attractive  Durez  plastic 
case  and  cover,  TTie  manufacturer  of 
*Heet-lt",  Electrical  Reactance  Cor¬ 
poration,  experimented  and  found  that 
plastics  were  better  suited  for  these 
jobs  than  any  other  material  Again  it’s 
a  matter  of  history  repeating  itself.  Year 
after  year  manufacturers  in  the  elec¬ 


trical  appliance  field  have  been  select¬ 
ing  plastics  for  specific  jobs  of  this  type. 

Why  Phenolic  Plastics? 

Because  the  phenolics  are  the  most 
versatile  of  all  plastics,  alert  design- 
engineers  have  learned  to  make  them 
their  starting  point  in  solving  a  mate¬ 
rials  problem.  In  this  case,  the  proper¬ 
ties  called  for  were  dielectric  strength, 
heat  resistance,  impact  strength,  at¬ 
tractive  finish,  and  resistance  to  the 
acids  found  in  foods.  All  of  these,  and 
more,  are  inherent  characteristics  of 
phenolic  plastics. 

Why  Durax  Phenolic  Plastics? 

For  the  past  quarter  century,  Durez 
production  has  been  devoted  exclu¬ 
sively  to  phenolic  plastics  and  resins. 
As  a  result,  there  are  now  more  than 
300  multi-propertied  Durez  phenolic 
molding  compounds  from  which  to 


select  the  plastic  that  precisely  fits 
your  job.  Furthermore,  Durez  tech¬ 
nicians  have  gained  a  wealth  of  ex¬ 
perience  through  active  participa¬ 
tion  in  the  successful  development  of 
many  and  varied  products  for  manu¬ 
facturers  in  practically  every  field  of 
industry.  Naturally,  the  benefits  which 
this  rich  background  can  bring  about 
are  very  valuable — and  they  are  yours 
for  the  asking. 

Write  for  Free  Booklet 

^'Machining  Data  on  Phenolic  Plastics* 
is  an  informative  manual  covering  all 
the  standard  phenolic  plastic  machin¬ 
ing  operations  encountered  in  the  av¬ 
erage  plant.  Send  for  your  free  copy. 
No  obligation,  of  course.  Durez  Plastics 
&  Chemicals,  Inc.,  84  Walck  Road,  North 
Tonawanda,  New  Y ork.  Export  Agents. 
Omni  Products  Corporation.  40  East  34tb  Si., 
74ew  york,  7/. 


PLASTICS  THAT  PIT  THI  JOB 
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Model  22  Microphone  Gives  You  Ail  Threh 

There’s  more  than  beauty  of  styling  behind  the 
Turner  22  Microphone.  This  famous  member  of  the 
Turner  Line  is  a  precision  unit  —  engineered  to  faith¬ 
fully  reproduce  every  desired  sound  without  har¬ 
monics  or  distortions  —  ruggedly  built  to  perform 
with  unfailing  dependability  under  difficult  operating 
conditions.  Good  reason  why  so  many  leading 
manufacturers  of  electronic  recording  and  communi¬ 
cations  equipment  specify  the 
Turner  22  as  standard  for  maxi¬ 
mum  performance  .  .  .  why  you 
want  the  TURNER  22  for 
your  equipment.  Available  in 
both  rugged  crystal  and  dy¬ 
namic  models.  Ash  your  dis¬ 
tributor  or  write  for  complete 
performance  characteristics. 


Turner  Microphones  Licensed 
Under  U.  S.  Patenb  of  the  American 
Telephone  and  Telegr^h  Company^ 
and  Western  Electric  Company,  Inc. 


free  Turner  Catalog 
Write  for  your  copy 


★  for  Style 

'A'  for  Dependability 

★  for  Performance 


The  TURNER  Co. 

905  17th  Stroot  N.E./  Coder  Rapids,  Iowa 
Hummrs  tm  the  cemmunfcotlens  Held 


Crystals  Licensed  Under  Patents  of  the  Brush  Development  Co. 
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^1  +  ^  the  control  current  will  be 
6.3/2  X  10*  or  3.16  microamperes. 
Even  lower  currents  are  possible 
under  certain  conditions. 

Resistor  is  placed  in  series  with 
the  grid  to  prevent  any  possible 
damage  to  this  element  due  to  the 
accidental  connecting  of  a  large  ex¬ 
ternal  voltage  source  to  contacts  Su 
A  value  of  50,000  ohms  is  usually 
adequate. 

Capacitor  Ci,  shown  in  dotted 
lines,  may  be  connected  across  R,  to 
improve  the  phasing  of  the  circuit 
and  enhance  its  snap-acting  quali- 


Flg.  4 — ^At  low  control  voltagos.  a  hot- 
cathodo  thyrotron  pormits  tho  uso  of  light¬ 
weight  contacts 


ties.  The  addition  of  Ci,  although  its 
value  is  usually  quite  small,  will  in¬ 
crease  the  control  current  require¬ 
ments  slightly.  A  capacitance  value 
of  0.001  /if  in  parallel  with  a  two- 
megohm  value  of  Ba  would  permit  a 
control  current  of  3.9  microamperes 
to  flow  if  the  bias  supply  has  a 
potential  of  6.3  volts. 

The  circuit  shown  in  Fig.  4  has 
one  disadvantage.  If  its  installation 
is  not  properly  supervised,  a  short- 
circuit  or  high  grid  potential  may  re¬ 
sult.  This  difliculty  results  from  the 
fact  that  one  of  the  control  contacts 
is  connected  directly  to  the  supply 
line  and  if  the  other  one  becomes 
grounded,  trouble  may  result.  To 
avoid  this  difficulty,  a  transformer- 
isolated  unit,  such  as  that  shown  in 
Fig.  5,  may  be  used. 

The  100-milliampere  relay  current 
capability  of  the  GL602-A  is 
usually  sufficient,  but  it  should  be 
kept  in  mind  that  larger  tubes  han¬ 
dling  amperes  may  be  used  without 
difficulty.  For  instance,  the  RCA 
3D22  can  be  substituted  in  the  cir¬ 
cuit  given  in  Fig.  4,  without  appre¬ 
ciably  increasing  the  control  current 
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If  you  need  an  electrical  insulation  that*s  not 
affected  by  temperatures  up  to  1200®F.,  yet  is 
unusually  flexible,  workable  and  durable,  you’ll 
find  it  in  BH  Special  Treated  Fiberglas  Sleeving. 
Even  in  direct  contact  with  heat  units  this  re¬ 
markable  sleeving  won’t  burn. 

Reason?  It’s  made  of  inorganic  Fiberglas  and 
treated  by  the  exclusive  BH  process.  No  saturant 
is  used,  yet  the  sleeving  won’t  fray  when  cut  and 
it  is  permanently  flexible.  In  addition  to  many 
other  properties  it  is  moisture,  oil  and  grease  re¬ 
sistant  .  .  .  works  easier,  simplifies  assembly  and 
lasts  longer.  Made  in  natural  color  only ~  all 
standard  sizes.  Get  your  free  samples  today  and 
compare! 

HERrS  ANOTHER  NON-BURNING  SLEEVING 

BH  Extra  Flexible  Fiberglas  Sleeving  won’t 
bum  because  both  yarns  and  impregnation  are 
non-inflammable.  This  high  quality  sleeving  has 
all  the  advantages  of  pure  Fiberglas,  is  toughened 
against  abrasion,  is  non-fraying  and  non-stiffen¬ 
ing.  It  lasts  indefinitely  without  rotting  or  crack¬ 
ing— the  ideal  all-purpose  electrical  insulation  for 
all  kinds  of  industrial  equipment  and  home  appli¬ 
ances.  Available  in  all  standard  colors  and  sizes 
from  No.  20  to  inclusive.  Put  it  to  the 
toughest  tests  you  know  and  watch  the  results! 

ALL  Bl  PtOOUCTS  AVAILABLE  IN  STANDABO 
31*'  LENBTIS  AND  SOO-FT.  COILS 


1  SPECIAL  T 

RBATBD 

PIBI 

IROLAS 

SLEBVINO 
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I-B-T  ln«tramnt  Typ*  BeUry  S*l*etor  Switchttf 
ar«  ATaiUbl*  in  20  position  SS>20  and  14  position. 
SS*14  modols.  on#  to  six  docks,  non-shorting  stand¬ 
ard.  and  shorting  on  special  order. 


...  lor  these  are  the  instrument  and  tester  makers  own  switches,  designed  and 
developed  to  meet  the  need  for  trouble-free,  dependable  performance  in  hard 
servloe.  ’ 

They  are  extensively  used  in  high  quality  test  equipment,  portable  instru¬ 
ments.  in  inspection  set-ups.  and  experimental  circuits. 

Now.  because  of  quantity  production,  diey  are  in  a  price  range  which  makes 
It  sensible  to  consider  them  for  many  other  electronic  applications.  And  they 
are  available  for  immediate  delivery.  Your  Jobber  probably  has  them  in 
stodeby  now. 


ADVANTAGES: 


RUGGED 

COMPACT 


VERSATILE 


J-B-T  INSTRUMENTS,  INC. 

431  CHAPEL  STREET  e  NEW  HAVEN  8,  COISINECTICUT 


and  with  the  ability  to  deliver  0.75 
ampere  of  relay  current. 

Motor  Control 

Another  use  to  which  the  thyratron 
circuit  is  well  suited  is  the  direct  op¬ 
eration  of  a  motor  from  contacts  car¬ 
rying  microamperes  without  the  use 
of  intermediate  electromechanical 
relays.  A  direct-current  motor  can 
be  connected  in  the  anode  circuit  of 
tube  Vi  in  Fig.  4.  However,  the  oper¬ 
ation  of  an  a-c  two-phase  motor  re¬ 
quires  certain  changes.  Figure  6 
shows  a  circuit  which  is  adapted  to 


Fig.  5 — ^To  prsvsnt  grounding  ons  or  both 
control  contacts,  cm  Isolation  tremsformw 
can  bs  ussd 

this  type  of  operation.  The  motor 
shown  is  a  two-phase,  capacitor-type 
unit  and  provides  reversing  opera¬ 
tion  from  a  single  pair  of  control 
contacts.  Si.  The  operation  is  such 
that  when  the  contacts  are  open,  the 
motor  will  rotate  in  one  direction  and 
when  they  are  closed,  the  motor  will 
rotate  in  the  opposite  direction. 

Tubes  Vt  and  F,  are  both  biased 
from  the  6.3-volt  filament  circuit  and 
the  grid  of  Ft  is  raised  to  firing  po¬ 
tential  by  coupling  capacitor  €„ 
which  is  supplied  with  line  potential 
whenever  Fi  is  dormant.  When  con¬ 
tacts  Si  are  open,  Vi  is  dormant  and 
Ft  fires;  when  the  control  contacts 


Fig.  6 — With  this  circuit,  ons  pair  of  con¬ 
trol  contacts  permits  reversing  a  two-phate 
motor 
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family 


Hauland  Viutron  Phototubes  ore  the 


recognized  leaders  in  the  field  of 


light-sensitive  devices 


uniformity. 


dependability  and  high  sensitivity 


through  the  years  have  earned  them  that 


reputation.  Whatever  the  application, 


sound-on-film,  electronic  control  or 


television  pickup,  there  is  a  Rauland  Visitron 


Phototube  available  to  do  the  job 


perfectly.  Or,  we  can  produce  a  specially 
designed  tube- to  meet  an  entirely 
new  application.  Let  the  experienced 


Hauland  engineers  consult  with  you  about 


your  phototube  requirements. 


To  bo  tvro 


tpocify  VISITRON! 


also  MAMUFACTURSRS  of  DIRECT-VIEWIMQ  AMD  PROJECTION  TYPE  CATHODE  RAY  TUBES 


RADIO* 


Electroneering  is  our  business 
THE  RAULAND  CORPORATION  •  CHICAGO  41,  ILLINOIS 
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New  communicationf  records! 

« 


The  new  Finch  "Telefaxer”  breaks  all  records  for  speed  and 
accuracy  in  the  transmission  and  reception  of  words  and  pic¬ 
tures.  30,000  words  per  hour  or  2760  sq.  in.  of  pictures  can  be 
handled  by  radio.  9600  words  per  hour  or  918  sq.  in.  of  pictures, 
by  ordinary  lelephone  wire.  And  not  one  error  or  deviation  from 
the  original  manuscript! 

Anything  that  can  be  printed  or  written  on  paper,  including 
drawings  and  photographs,  can  be  transmitted  by  this  most  modern 
instrument  of  communications.  With  Finch  Telefaxers,  time  and 
money  are  saved  and  the  mistakes  of  telegraphic  printers  are  avoided. 

•  Made  by  the  manufacturers  of  Finch  Facsimile  equip- 
mrat  for  broadcasting  printed  news  and  pictures. 

•  Write  for  new  illustrated  folder  giving  full  particulars. 

FINCH  TELECOMMUNICATIONS,  INC,  Passaic,  N.  J.,  U.S.A. 
Sales  Office:  10  East  40th  Street  •  New  York  16,  N.  Y,  U.S.A. 


ELECTION  IC  CONTACTOIS  (con«»B^ 


are  closed,  Vi  fires  and  reduces  the 
potential  supplying  coupling  capaci- 
tor  Ct  to  a  value  which  is  nearly  zero 
This  removes  the  firing  voltages 
from  the  grid  of  V,  and  it  becomes 
dormant. 

The  motor  is  supplied  by  trans¬ 
formers  r,  and  T„  alternately.  When 
V,  fires,  transformer  T,  feeds  an  al¬ 
ternating  current  to  motor  winding 
A.  Winding  B  is  supplied  through 
phase-shift  capacitor  C  and  a  rotat¬ 
ing  field  results  which  drives  the 
motor.  Some  efficiency  is  lost  due  to 
the  shunting  effect  of  transformer 
Ti  on  motor  winding  B,  but  the  motor 
operation  is  satisfactory  for  most 
purposes.'  When  Vi  fires,  the  opera¬ 
tion  is  reversed  and  transformer  T, 
supplies  power.  Since  the  input  to 
transformers  Ti  and  T»  is  half-wave, 
the  addition  of  some  filter  capaci¬ 
tance  (not  shown  in  the  diagram)  to 
the  circuit  will  serve  to  improve  the 
wave  form  of  the  current  reaching 
the  motor. 

Although  any  of  the  three  basic 
relay  circuits  discussed  will  be  found 
satisfactory  for  many  operations,  the 
hot-cathode  thyratron  offers  the  most 
promise  in  the  control  field  since  it 
combines  high  sensitivity,  snap  ac¬ 
tion  and  large  current  capacity. 

•  •  • 

PRIVATE  PLANE  SPEAKER 


A  •oiiBdprool«d  cabin  and  dn^  •ngio* 
mnlilani  in  Ih*  Stiaaoa  Yoragcr  ISO 
p«nnU  hm  oi  a  londspoaknr  mounted 
In  th*  dome  ond  •UndnatM  being  fooled 
In  the  heodphonea  If  It  Is  nscsssanr  ^ 
boll  out.  Tho  radio  squipmeot  U 
mounted  on  the  left  of  the  hutnunent 
panel 
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Po«t-^^ormed  Phenwite  chassis  foyhigh  volt- 
as^circuit  breaker.  All  holes  and  cut-outs 
punched  in  the  flat  blank/ (/or^round) 
before  post -forming  in  channel  shape.  Use  of 
Phenolite  chassis  in  place  oimetal  eliminates 
insulation  of  each  separate  part  of  assembly. 


POST-FORMED 

PHENO!  !TI 

shapes  profitable  product! 
and  new  products 


There  are  opportunities  for  you  in  Post-Formed  Phenolite — 
the  laminated  plastic  that  simplifies  production  and  offers 
countless  new  applications  for  profitable-selling  products! 

Economical  to  produce,  Post-Formed  Phenolite  parts  are 
made  in  a  matter  of  minutes.  Practically  any  shape  or  form  may 
be  obtained  simply  by  heating  the  sheet  material  a  few  seconds, 
then  forming  in  low-cost  wooden  molds  with  standard  press 
equipment.  No  sanding  or  "flash**  removal  is  necessary. 
Fabrication  may  be  done  before  or  after  forming. 

Phenolite  is  extremely  light  in  weight  (about  that  of 
aluminum);  yet  it  has  remarkable  mechanical  and  impact 
strength.  It  possesses  good  machinability  ...  is  an  excellent 
electrical  insulator  . . .  resists  heat  and  moisture  ...  is  resistant 
to  abrasion  .  .  .  and  is  not  affected  by  solvents  and  oils. 

Find  out  some  of  the  many  ways  in  which  this  versatile 
material  can  be  used.  Write  for  full  information  ^nd  the 
assistance  of  one  of  our  trained  engineers. 
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Video  and  Audio  on  One  Carrier 


A  NEW  television  system  in  which 
sound  and  vision  can  be  transmitted 
from  a  single  transmitter  occupying 
a  normal  band  space  has  been  de¬ 
veloped  by  the  British  firm  of  Pye 
Radio  Ltd. 

The  best  method  of  understanding 
the  new  system  is  to  consider  the 
old  system  used  by  the  BBC  before 
the  war,  in  which  the  picture  was 
broken  up  into  405  lines  and  25  pic¬ 
tures  per  second  were  transmitted. 
Typical  lines  are  shown  as  AB,  CD, 
EF  in  Fig.  1  and  the  tonal  value 
along  the  line  is  expressed  as  the 
height  of  the  waveform.  During  the 
periods  BC,  DE,  etc,  the  electron 
beam  in  the  camera  is  returning  to 
start  another  line. 

The  time  required  to  scan  a  line 
under  this  arrangement  is  90  micro¬ 
seconds  and  at  the  end  of  the  line 
the  leading  edge  of  the  synchroniz¬ 
ing  pulse  triggers  the  time-base  in 
the  receiver  and  suppresses  the  fly¬ 
back,  which  occupies  10  microsec¬ 
onds.  This  obviously  means  that  for 
10  percent  of  the  total  transmission 
time  the  transmitter  is  idle.  Ac¬ 
tually  it  is  the  flyback  which  de¬ 
mands  the  greater  part  of  the  10 
microseconds,  not  the  synchronizing 
pulse. 

In  the  Videosonic  system,  this  idle 
period  is  utilized  to  transmit  the 
sound  program  and  it  is -done  by  in¬ 
serting  a  pulse  into  the  10-microsec¬ 
ond  period  and  arrangin'g  that  the 
width  of  the  pulse  is  a  measure  of 
the  audio  modulation.  At  their  max¬ 
imum,  the  pulses  occupy  five  micro¬ 
seconds  and  they  narrow  down  to 
one  microsecond  at  audio  troughs. 
The  mean  width  is  three  microsec¬ 
onds.  Figure  2  illustrates  this  point 
and  at  the  line-scanning  frequency 
of  the  present  system,  10,125  pulses 
per  second  are  transmitted. 

At  the  receiver  end,  separation  is 


easy  and  depends  on  the  pulse  am¬ 
plitude  being  greater  than  the  maxi¬ 
mum  video  amplitude.  If  the  former 
is  considered  as  100  percent  of  the 
r-f  carrier,  the  greatest  video  am¬ 
plitude  corresponding  to  a  peak 
“white”  is  about  75  percent.  All  that 
is  necessary  then  is  to  incorporate 


in  the  receiver  simple  limiting  cir¬ 
cuits  which  will  only  pass  signals 
whose  amplitude  is  greater  than  peak 
“white”  signals.  In  practice  the  ratio 
of  75  to  100 -percent  has  been  found 
ample. 

Advantages 

There  is  no  mutual  interference  be¬ 
tween  the  sound  and  vision  signals 
since  the  pulse  corresponding  to  the 
former  is  absent  during  the  scanning 
period.  A  new  method  of  blacking 
out  the  flyback  must  be  used  but  no 
difficulties  have  arisen  in  this  di¬ 
rection. 

The  advantages  of  the  new  system 
are: 

(1)  The  sound  transmitter  can  be 
dispensed  with. 

(2)  The  received  sound  signal  is 
more  free  from  noise  than  under  the 


lO/lSEC  iO^iSEC 


(C) 


Fig.  1 — The  method  of  scanning  a  television  picture  is  shown  at  (A).  The  resulting 
video  waveform  is  shown  at  (B)  and  the  radio-frequency  waveform  at  (C) 


Fig.  2 — ^Method  oi  Inserting  o  sine-wove  sound  pulse  In  the  flyback  periods  BC  DE 
of  ng.  I  so  that  the  width  of  the  pulse  Tories  with  the  sound  to  be  tronsmitted.  At 
the  receiver,  the  pulses  at  the  bottom  are  seporated  from  the  video  ond  possed 
through  o  low^poss  filter  thot  feeds  the  loudspeaker 
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FOR  COMMUNICATIONS  IN  TRAINS  •  TRUCKS  •  BUSES  •  PLANES  .. . 


^eicu^ 


BY  G  U  A  R  D 1 A  N  — *  years  ahead  of  today — 
offer  desi^ers  of  two-way  radios  definite  advancements  which  contribute  to 
better  long-life  operation,  this  is  especially  evident  with  Guardian  Relays  and 
Switches  used  in  two-way  radios  for  trains,  trucks,  buses,  planes. 

For  instance.  Guardian's  series  16S:A  Relay  (A1  Si  Mag  insulated),  for 
antenna  changeover  and  break-in  is  small,  compact,  vibration-resistant.  Labor¬ 
atory  tests  with  2  normally  open  contacts  prove  series  165-A  withstands  vibra¬ 
tion  of  16.2  g.+  in  both  energized  and  de-energized  positions.  This  is  achieved 
by  rugged  overall  construction  and  precise  counteriralancing  of  the  armature 
assembly.  For  H.F.  and  U.H.F.  the  series  165-A  has  a  contact  capacity  to 
handle  all  required  frequencies.  Operates  at  temperatures  ranging  —65°  to 
+160°F.  and  at  altitudes  from  sea  level  to  50,000  ft.  Truly,  series  165-A  merits 
a  trial  now!  For  V.H.F.  antenna  switching  or  keying  try  the  war-tested  Vacuum 
Switch  Relay  by  Guardian. 

Let  us  furnish  cost-free  information  about  the  complete  Guardian  line  of  Radio 
Relays,  also  all  Telephone  Type  Relays  including  the  small  Midget;  and  a 
special  Switch  used  on  push-to-talk  circuits. 


Series  165-A  Relay 


Series  X-100  Relay 


U2S.D  W.  WALNUT  STREET  CHICAGO  12,  ILLINOIS 

A  caariiTi  iihc  tr  iiiats  tiiviac  ahiiicai laiisrif 
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TELEVISION  SYSTEM 


(cofltinuM) 


PRECISION 
METAL  SHIELDED  WIRE 

THE  ULTIMATE  IN 
PERFECT  SHIELDING  AND 
COAXIAL  CIRCUIT  COMPONENTS  I 


Better  because  it  is  Shieided  with 

Seamiess  Metal  Tubing 


QUALITY  PERFORMANCE 

Precision  metal  shielded  wire  is  especially  suited 
for  closely  coupled  air  core  transformers,  shielded 
grid,  filament,  and  antenna  leads,  and  wherever 
low'loss  transmission  is  required. 

VARIETY 

A  single  inner  conductor  or  nundrer  of  conduc* 
tors  can  be  shielded  with  seamless  ctmper,  brass, 
aluminum,  or  nickel  tubing,  plated  if  desired,  in 
random  or  cut  lengths,  or  formed  to  customers* 
specifications.  Outside  diameters  ranee  from 
0.018''  to  0.375",  with  any  desired  wall  ^ckness. 

STABILITY 

Formed  parts  are  self-supporting.  This  simpli¬ 
fies  assembly  and  enhances  appearance.  Rapid 
changes  in  biometric  pressure,  temperature,  and 
humidity  do  not  cause  injurious  moisture  con¬ 
densation.  Dirt  is  excluded.  Since  tube  is  seam¬ 
less  and  dielectric  is  continuous,  conductor  and 
shield  remain  coaxial  even  when  formed  into 
coils  or  other  intricate  components. 

EASY  TO  HANDLE 

Tubing  is  easily  stripped  and  formed  right  on 
the  job,  or  can  be  furnished  cut  to  exact  length, 
stripped  and  formed,  ready  for  instant  applica¬ 
tion. 

PRECISION  METAL  SHIELDED  WIRE  offers  many  advan¬ 
tages.  It  is  an  absolute  method  of  shielding  in¬ 
sulated  wire  or  wires  with  seamless  aluminum, 
copper,  brass,  or  nickel  tubing  to  provide  the 
most  perfect  shielding  yet  devised  against  elec¬ 
trical  interference,  noise,  moisture,  or  mechan¬ 
ical  damage.  As  a  coaxial  line,  it  provides  low 
loss  over  a  ran^e  of  frequencies  and  uniform 
capacity.  Unlimited  combinations  of  desirable 
electrical  characteristics  are  available  to  meet 
your  most  exacting  requirements. 


We  will  be  glad  to  cooperate  on  engineering  problems.  Write  for  further  - 

information. 


PRECISION  TUBE  COMPANY 

3826  Terrace  Street,  Philadelphia  28,  Pa. 


e 

older  system.  Theoretical  investi^a. 
tions  have  shown  that  it  would  be 
equivalent  to  increasing  the  trans¬ 
mitter  power  100  times. 

(3)  The  old  difficulty  of  routing 
the  sound  and  vision  signals  at  the 
receiver  vanishes. 

(4)  No  ether  space  is  occupied  by 
the  sound  transmitter. 

(5)  The  steady  level  of  the  sound 
pulses  makes  compensation  for  fad¬ 
ing  easier. 

(6)  The  receiving  antenna  could 
be  made  more  efficient  since  it  would 
only  have  to  operate  on  a  single  fre¬ 
quency  band. 

The  chief  disadvantage  of  the  sys¬ 
tem  is  coupled  with  the  existing  405- 
line  transmission.  At  present,  as  the 
line  frequency  is  10,125,  the  audio 
frequency  limit  would  be  about  5,000 
cycles — an  undesirable  figure  since 
British  listeners  ha^ce  been  accus¬ 
tomed  to  transmitters  with  a  prac¬ 
tically  flat  response  between  30  and 
at  least  10,000  cycles.  To  achieve  an 
upper  audio  limit  of  10,000  cycles 
the  number  of  lines  would  have  to 
be  increased  to  1,000  which  would 
give  a  line  pulse  frequency  of  25,000. 

One  advantage  of  the  pulse  inser¬ 
tion  scheme  is  that  it  would  be  quite 
easy  to  incorporate  additional  pulses 
corresponding  to  stereophonic  sound, 
or  for  color  work. 

Figure  3  is  an  oscillogram  of  the 
Videosonic  waveform  during  the  10- 
microsecond  period.  The  sound  pulse 
having  a  mean  duration  of  three 
microseconds  is  shown  extending 
downwards.  Figure  4  is  a  photo¬ 
graph  taken  on  a  special  receiver  to 
show  the  variable  sound-width  pulses 
occurring  during  the  flyback  periods. 
These  pulses  build  up  a  white  band 
of  variable  width  reminiscent  of  the 


Fig.  3 — ^TIm  waviorm  dnrlag  Am  10>micro- 
••cond  period  as  It  appsars  on  oa  oscillo* 
scops 
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What  temperature  detection  time  best  fits  your  product?  The  fast 
response  of  the  Fenwal  Thermoswitch  allows  you  to  engineer 
into  your  product  the  optimum  speed  of  detection — from  A  to 
Z.  Compare  the  response  time  of  the  Thermoswitch  with  other 
thermostats. 


Chart  shows  the  time  interval  required  for  a  Fenwal  Thermo¬ 
switch  to  change  10  °F.  when  subjected  to  a  20®  change  in 
temperature.  Compare  this  performance  with  that  of  Type  1  and 
Type  2  thermostats.  Proper  application  can  mod¬ 
ify  this  response  time  to  any  value  desired,  from 
A  to  Z. 

Tmi 

-  Study  the  advantages  of  Fenwal  Thermoswitches 

_  before  making  any  commitment,  for  the 

_  Thermoswitch  has  many  advantages  which  are 

not  found  in  other  types  of  temperature  control 
units  ...  the  unique  principle  of  operation  of 
Fenwal  Thermoswitches  permits  extreme  accuracy 
combined  with  rugged  yet  compact  construction. 


Send  for  your  copy  of  the  Thermotechnics 
booklet  tohich  includes  **Tourteen  Facts  in 
Fenwal* s  Favor/* 


CROSS  SECTION 
CARTRIDGE 
THERMOSWITCH 


^  I  of  the  “Fourteen  Facts  in  Fenwal's  Favor". 


FENWAL  INCORPORATED 


ASHLAND  MASSACHUSETTS 


THERMOTECHNICS  FOR  COMPLETE  TEMPERATURE  REGULATION 
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TELEVISION  SYSTEM  ' 


Fig.  4 — ^Photo  of  tho  scroon  of  a  special 
recoiTor  showing  tho  Torioblo  sound-width 
pulsos  during  tho  flybock  poriod 

sound  track  on  motion  picture  film. 

Two  racks  of  the  equipment  con¬ 
tain  the  sound  waveform  generator 
and  the  mixer  units.  The  function  of 
these  is  to  produce  pulses  at  the  cor¬ 
rect  instant  having  a  width  depend¬ 
ent  on  the  audio  waveform  to  be 
transmitted  and  then  to  mix  these 
pulses  into  the  vision  waveform. 
These  two  racks  would  take  the  place 
of  the  sound  transmitter  at  the  tele¬ 
vision  station,  with  the  addition  of 
high-power  audio  amplifiers. 


GIVE  LIFE-LIKE  REPRODUCTION  OF  TONE! 

You  can  select  the  correct  cartridges  or  complete  tone  arms  for 
radio-phonograph  combination  sets. 

Dependability,  on  the  tone  arms  and  cartridges  you  incorporate  in 
the  machines  that  you  manufacture,  is  an  importemt  part  of  selec¬ 
tion.  Because  of  this  fact,  many  manufacturers  have  chosen 
Webster  Electric  Tone  Arms  and  Cartridges.  This  acceptance  has 
been  built  upon  successful  performance  over  a  period  of  years. 

Proved  are  these  features — balanced  construction  that  produces 
maximum  output  at  designated  tracking  pressures — with  mini¬ 
mum  distortion  and  minimum  mechanical  reproduction.  There  are 
models  designed  for  sharp  cut-off  at  higher  frequencies,  while 
others  provide  response  over  an  exceptionally  wide  frequency 
range  through  use  of  an  extremely  lightweight  moving  mass— a 
new  Webster  Electric  development. 

In  all  cases  sharp  resonance  peaks  have  been  avoided,  and  effi¬ 
cient  perk>rmance  can  be  obtained  with  any  permanent  or  semi¬ 
permanent  needle  of  standard  make. 

The  new  cartridges  are  availed>le  in  8  gram  net  weight  for  use  with 
very  light  tone  arms,  and  in  18  gram  weight  for  the  more  common 
applications.  Pin  or  solder  type  terminals  are  optional. 

Why  not  write  for  full  information  and  complete  listing  of  tone 
arms  and  cartridges  that  are  now  available? 

{Licenstd  under  patents  of  the  Brush 
Iterelopment  Company) 


WEBSTER 
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Simple  Converter  Circuit 
for  New  F-M  Band 

The  final  circuit  of  the  Hallicraft- 
ers  converter  for  tuning  to  the  new 
:  f-m  band  is  shown  in  the  diagram. 
I  The  unit  employs  a  double-triode 


1  ♦  m  RFr.FI\/FR 


RACINE  WISCONSIN 

Established  1909 

biMff  Dapl.  R.  dONi  SItmL  Nms  Yarii  (16),  N.  Y.  CoUa  AMrtt  ’’ARLAl”  Yarii  Oly 

'Where  QiielHy  is  e  KespoitsibilHy  and  Foir  Peeling  en  Obllftien* 


Complete  circuit  of  the  Hcdlicraiters  i-n 
converter.  All  capodtor  voluee  ore  indi- 
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HARVIL  #512C  and  612C 

Phenol-aldehyde  type  varnishes  derived  from  Cashew  Nut  Shell 
Liquid.  Set  dry  throughout  by  heat  induced  chemical  polymer¬ 
ization,  dius  cannot  leave  gummy  half-cured  interiors.  Provide 
high  insulation  resistance  at  all  temperatures,  and  are  outstand¬ 
ing  in  this  feature  at  operating  temperatures  up  to  300^  F. 
Extremely  resistant  to  adds,  alkalis,  moisture,  and  oilproof. 


IRVINOfON  if  100 

A  clear  mternal  drying  varnish  noted  for  long-life  at  high  tem¬ 
peratures.  Life  test  of  over  1100  hours  at  105°C.  Thorough  pene¬ 
tration  and  curing  is  obtained  even  in  the  deepest  windings. 
Provides  firm,  though  flexible,  transparent  bonding,  so  clear 
that  coded  leads  are  readily  identified.  Possesses  excellent  elec¬ 
trical  properties,  and  is  oil,  add  and  moisture  resistant. 


HARVIL  #612C 

Now  widely  used  by  Fluorescent  Ballast  manufacturers,  because 
the  unique  structure  of  this  cashew  varnish  aids  greatly  in  keep¬ 
ing  ballasts  hum-free. 

Ml  the  above  varnishes  will  cure  most  satisfactorily  under 
conventional  convection  baking  methods,  or  infra-red.  For 
complete  information  write  Dept,  106,  Irvington  Varnish  & 
Insulator  Company,  Irvington  II,  New  Jersey, 


IRVINOTON 


Irvington  1 1,  Now  Jortoy,  U.SJL 
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NEW  F-M  CONVERTER 


(contInu«d) 


7N7  for  mixer  and  oscillator  to  form 
a  double  superheterodyne  when  con¬ 
nected  to  a  prewar  f-m  receiver. 

When  placed  on  position  1,  the 
four-gang  switch  permits  operation 
of  the  receiver  on  other  frequencies 
by  feeding  the  antenna  directly  to 
the  receiver  antenna  terminal.  When 
set  to  positions  2,  3,  and  4,  the  switch 
connects  trimmer  capacitors  into  the 
tuned  circuits  for  covering  frequency 
ranges  of  84  to  93,  93  to  102,  and  102 
to  111  megacycles  respectively.  All 
tuning  over  each  range  is  done  by 
means  of  the  regular  tuning  dial  of 
the  receiver. 

Power  for  the  converter  is  ob¬ 
tained  from  one  of  the  power  ampli¬ 
fier  sockets  in  the  receiver  by  an 
adapter  that  fits  under  the  tube. 


Frequency  Stabilization 
at  450  Me 

By  Peter  B.  Myers 

National  Bureau  of  Btandarde 
Washington,  D.  C. 

Due  to  the  recent  FCC  allocations 
and  the  growing  interest  in  the  very 
high  radio  frequencies,  the  matter  of 
constant  frequencies  at  vhf  becomes 
increasingly  important.  Crystal  con¬ 
trol  is  required  for  greatest  con¬ 
stancy  but  quartz  plates  above  about 
30  me  are  still  impractical  and  in¬ 
volve  delicate  hand  finishing. 

At  the  present  time,  higher 
constant  frequencies  are  generally 
obtained  by  electrical  harmonic  gen¬ 
erators  working  off  standard  low- 
frequency  crystals.  Above  about  100 
me,  the  number  of  harmonic  genera¬ 
tors  and  auxiliary  pieces  of  equip¬ 
ment  becomes  excessive  and  other 
means  of  frequency  control  are 
needed.  The  mechanical  harmonics 
of  a  quartz  plate  may  however  be 
utilized ;  for  example,  using  the  fifth 
mechanical  harmonic  of  a  30-mc 
plate,  the  fundamental  oscillation 
would  be  150  me  and  one  stage  of 
electrical  harmonic  generation  (tri¬ 
pling)  would  produce  standard  crys¬ 
tal-controlled  frequencies  of  450  me. 

Used  Harmonic  Crystal 

Mechanical  harmonics  may  be  ex¬ 
cited  in  specially  prepared  AT  or  BT 
cut  crystals,  in  which  odd  harmonics 


Yours  lor  the  asking 


A  new  informative  booklet  on 


It  has  illustrated  sections 


practically  every  known  form  of  gearing, 
together  with  many  reference 

tables  and  formulas.  Write  for  your  copy 


today  on  your  company  stationery 


1910  N.  Front  Street,  Philadelphia  22,  Pa. 
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"ZIRMET  CUTS  PUMPING  TIME  30%” 

Says  Taylor  Tubes,  Inc. 

Zirmet  Benefits  Both  Tube  Manufacturer  and  Tube  User 


Interested  in  redncing  pumping  time? 
Then  you'll  certainly  want  to  look  over 
these  exwrpts  from  a  letter  sent  us  by 
Taylor  Tul»es,  Inc.,  commenting  on  their 
use  of  Zirmet  (Foote  Ductile  Zirconium). .. 

“The application  of  theZirconium  Metal 
to  the  fins  of  the  T-1‘Z5  means  that  we  are 
able  to  cut  our  pumping  time  by  about 
thirty  per  cent,  an<l  the  gettering  action 
while  the  tul)e  is  actually  in  o))erHtion, 
is  very  good. 

“The  type  T-125  tube  is  wnlely  used  in 
diathermy  at  frequencies  up  to  70  MC, 
and  of  course,  in  Amateur  Radio  opiTa- 


Carbon  Anode  of  Taytor  Type  125  Tube.  Four  pieces  of  Zirmet 
1/16'  I  1  1/2'  I  .005'  are  welded  to  the  molybdenum  fins. 


this  particular  application.  It  is  well  worth 
the  small  added  expen.se.” 

Zirmet  is  literally  “what  the  doctor  or- 
dererl”  and  may  prove  equally  effective 
for  you. 

Many  Advantages 
for  Tube  Maker  and  User 

If  you  are  a  tul>e  manufacturer,  the  use* 
of  Zirmet  as  a  contijjpious  getter  means 
less  pumping  time,  l)etter  vacuum,  less 
shrinkage,  clean  tubes,  and,  naturally, 
.satisfied  customers.  If  you  are  a  tube  user, 
you  can  count  on  better  emission  and 
longer  life  when  you  buy  a  tube  contain¬ 
ing  Zirmet  the  continuous  getter. 

Investigate  Zirmet  now\  Write  or  tele¬ 
phone  our  engineers  to<lay  for  rletails 
an<l  prices. 


Taylof  Typt  125  Tubt  for  diathormy  and  radio  applications. 

tion  at  the  present  time,  at  £8  to  30  MC. 
We  feel  that  the  Metal  is  most  effective 
in  obtaining  a  higher  order  of  vacuum  in 
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FINE  MATERIALS . . . 

FINE  ENGINEERING... 

fittc 


DESIGNED  BY  SPECIALISTS 

The  FACT  that  we  have  specialists  to  properly  design 
custom-built  electronic  equipment  insures  the  quality 
you  desire.  Each  device  is  carefully  engineered  for  your 
specific  job,  and  constructed  in  accordance  with  Audio 
Development  Company’s  long  established  high  stand¬ 
ards;  built  to  give  complete  and  lasting  satisfaction. 

Among  the  types  of  ^uipment  we  build  are  controls, 
(chemical  and  positioning),  amplifiers  for  specialized 
application,  audiometers,  measuring  devices,  etc. 

Since  we  design  and  build  the  transformers  for  our. 
electronic  apparatus,  the  highest  degree  of  engineering 
coordination  is  available. 

Write  us  or  our  nearest  representative  for  further 
information.  Descriptive  literature  is  available  on 
standard  audiometers,  group  hearing  aids  and  trans¬ 
formers.  Other  electronic  units — :sp)ecial  transformers, 
filters,  etc.,  are  custom  built  to  meet  your  requirements. 

Please  address  all  correspondence  to  our  representative  nearest  your  location: 

Bwrtingam*  Assodatcs,  Ltd.  Maury  E.  Bottis  &  Company  Snattin  Radio  Supply,  Inc. 

11  Pork  Place  Room  400,  B>A.A.  Building  2117  Second  Avenue 

New  York  7,  New  York  Kansas  City,  Missouri  Seattle,  Washington 


FREQUENCY  STABILIZATION  (continued) 


up  to  the  23rd  have  been  excited.  A 
limiting  factor  is  the  optical  flatness 
of  the  crystal.  Mason  and  Fair  found 
that  the  Q  of  the  crystal  increases  in 
general  with  higher  mechanical  har¬ 
monics.*  Special  circuit  arrange¬ 
ments  are  needed  for  harmonic  oscil¬ 
lations  above  the  seventh. 

In  recent  experiments,  the  fifth 
mechanical  harmonic  of  a  10-mc  crys¬ 
tal  was  employed,  followed  by  two 
electrical  triplers,  to  reach  450 
me.  Push-pull  triplers  incorporating 
midget  tubes  were  used  throughout. 
The  oscillator  tube  was  a  6C4  as  were 
the  tubes  of  the  first  tripler.  Since 
the  6C4  was  not  found  to  be  suitable 
for  use  at  450  me,  two  type  6F4  were 
used  in  the  final  stage. 

The  output  proved  to  be  as  stable 
as  that  obtained  at  the  crystal’s  fun¬ 
damental  frequency.  The  generally 
accepted  figure  of  0.0026  percent  as 
the  maximum  deviation  in  frequency 
of  a  crystal  in  the  absence  of  regula¬ 
tion  of  any  kind  would  limit  the  drift 
to  11  kilocycles  at  450  megacycles.  A 
two-hour  test  of  the  apparatus  with 
a  regulated  power  supply  showed  a 
maximum  drift  of  1.1  kilocycle  at  450 
megacycles,  amounting  to  a  fre¬ 
quency  variation  of  ±0.00025  percent 
or  2.5  parts  in  a  million. 

The  crystal  temperature  coefficient 
was  the  same  for  the  overtones  as 
for  the  fundamental.  The  power  out¬ 
put  of  the  crystal  oscillator  used  was 
less  at  each  higher  overtone,  but  the 
power  was  ample  at  50  me  to  drive  a 
buffer  amplifier. 

The  writer  acknowledges  his  in¬ 
debtedness  to  W.  D.  George  and  M.  C. 
Selby  of  the  Radio  Laboratory  of  the 
National  Bureau  of  Standards,  where 
the  experimental  work  was  carried 
out ;  and  his  obligation  to  the  Optical 
Division  of  the  Bureau  for  the  prep¬ 
aration  of  10-mc  quartz  crystals  with 
optically  flat  and  parallel  faces. 

Reference 

(1)  Ma8on,  W,  P.,  and  Fair,  I.  E.,  A  New 
Direct  Crystal-controlled  Oscillator,  Bell  Tele¬ 
phone  System  Monograph  B-1363. 

•  •  • 

Radio  Design  Data 
Presented  in  Chicago 

Aspects  op  f-m  receiver  design,  re¬ 
ceiver  response  trends,  and  intermod- 
ulation  effects  in  audio  systems  were 
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Why  Not  Pay 
Us  a  Visit 


You  Are  Always 
Welcome 


If  you  would  permit  us  to  pilot  you 
through  the  various  departments  of  our 
modern  plant,  you  would  readily  under¬ 
stand  why  Jefferson  Electric  has  earned 
the  reputation  for  sustained  quality  in 
quantity  production. 

You  would  agree  that  it  would  be  diffi 
cult  to  find  a  plant  with  all  of  the  many 
features  needed  to  produce  in  such  quan 
tities  with  such  high  standards  of  qual 
ity,  accuracy  and  uniformity. 

Engineering,  research,  experimental 
departments  geared  to  the  latest  man 
ufacturing  methods  and  techniq 
combined  with  modern  equipment  and 
unusual  esprit  de  corps. 

When  in  Chicago,  plan  to  pay  us  a 
visit  — our  suburban  location  is  readily 
accessible.  For  your  convenience  you 
can  call  us  by  local  Chicago  teleph 
Mansfield  7161.  JEFFERSON  ELEC 
TRIC  COMPANY,  Bellwood  (Chicag 
Suburb),  Illinois.  In  Canada:  Canadian 
Jefferson  Electric  Co.,  384  Pape  Avenue, 
Toronto,  Ontario. 
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on  special,  small  metal 
PARTS  and  FASTENERS 


MADE  TO 
ORDER? 


Counterbored  head,  drilled  sec* 
ondary  hole  to  1/3  of  way  down 
through  .shank. 


67%  SAVING 


Two  views — to  show  welding  ring, 
vent  hole,  under  cutting. 


Collared  and  drilled  and  delivered 
by  the  million. 


72%  SAVING 


deq>.  tapped  hole  features 
this  Milford  special  part. 


DESIGN  DATA  (coiitinu«4) 


among  the  subjects  covered  by  ten 
technical  papers  delivered  at  the  Chi- 
cago  Engineering  Conference,  spon¬ 
sored  by  the  Chicago  Section  of  IRE. 
HeW  early  in  February,  the  meeting 
was  attended  by  more  than  500  radio 
engineers. 

Details  of  f-m  receiver  design  were 
discussed  by  Frank  C.  Gow  of  RCA 
Laboratories,  who  pointed  out  that 
series  tuning  in  preselector  stages  is 
more  effective  than  parallel  tuning 
and  that  common  coupling  can  be 
minimized  by  efficient  design  of  the 
r-f  circuits  and  by  grounding  the  sta¬ 
tor  of  the  converter  tuning  capacitor. 

Oscillator  efficiency  and  stability 
can  be  obtained  with  four  methods 
of  conversion:  a  pentagrid  using  in¬ 
ner  grid  injection,  pentagrid  using 
outer  grid  injection,  separate  oscil¬ 
lator  and  mixer,  and  dual  triode  oscil¬ 
lator-converters.  Greater  stability 
can  be  obtained  by  using  second  har¬ 
monic  conversion,  although  conver¬ 
sion  transconductance  is  lower.  If 
oscillation  occurs,  it  can  be  cured  by 
biasing  the  converter  grid.  Outer- 
grid  injection  results  in  more  effi¬ 
cient,  stable  operation.  For  good 
operation,  a  16-/nv  signal  in  the  an¬ 
tenna  is  sufficient. 

High  frequency  triode  mixers  are 
characterized  by  low  input  conduct¬ 
ance  but  inductance  is  sometimes  in¬ 
serted  in  the  plate  lead  to  form  a 
series-resonant  circuit  to  increase 
grid  input  resistance.  Triode  mixers 
have  lower  noise  level  than  pentodes. 

In  the  design  of  the  i-f  amplifier, 
stability  is  the  first  consideration, 
with  selectivity  next.  Effects  of  in¬ 
put  loading  on  the  selectivity  of  avc 
stages  can  be  reduced  by  using  high- 
C  tuning  circuits  and  adding  degen¬ 
eration  by  omitting  bypass  capaci¬ 
tors  from  bias  resistors. 

Audio  Quality 

The  new  FCC  standards  on  good 
engineering  practices  concerning  f-m 
broadcasting  specify  an  a-f  band¬ 
width  of  from  50  to  15,000  cycles  in 
a  manner  which  includes  a  minimum 
of  distortion  and  unpleasant  effects. 
Such  specifications  make  necessary 
radical  changes  in  audio  frequency 
design,  measuring  techniques  and 
concepts,  according  to  J.  K.  Hilliard 
of  Altec  Lansing  Corp.  All  elements 
of  distortion  must  be  reduced  to  a 
low  degree,  otherwise  results  of  ex- 


69%  SAVING 


37%  SAVING 


If  your  product  calls  for  a  small,  metal  part  or  fastener  —  it's  a  job  for  Milford. 

If  you  use  a  part  or  fastener  of  standard  design  or  size  because  the  cost 
of  a  special  design  or  size  is  too  high  —  it's  a  job  for  Milford. 

Typical  of  the  endless  variety  of  parrs  and  fasteners  which  Milford  manu¬ 
factures  to  order  by  the  millions  for  American  industryA— •  AND  AT  IM¬ 
PRESSIVE  SAVINGS  —  are  those  shown  above^ 

For  specific  information,  send  a  blueprint  or  sample. 


THE  MILFORD  RIVET  &  MACHINE  CO. 

859  Bridgeport  Ave.  1002  West  River  St. 

MILFORD,  CONN.  i  ELYRIA,  OHIO 


Inquirims  may  al$o  b*  oddn%%»6  to  our  tubtidiaryt 

THE  PENN  RIVET  &  MACHINE  CO..  PHILADELPHIA  33.  PENNA. 

Da$iatmrt  and  ManufacHtrars  ait  SPECIAL  COLD-HEADED  EARTS;  SPLIT.  SEMI -TUiULAa  AND  DE^- 
ORILLED  RIVETS:  RIVET-SEHING  MACHINES:  SPECIAL  MACHINE  SCREWS  AND  SCREW  MACHINE  PARTS. 
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entirely 

^  ^  “r  ^  i|%  MAGNETIC 

A  MAGNETIC-HYDRAULIC  TIME-DELAY 


Where  specified,  HEINEMANN  Circuit  Breakers  have  a  true  inverse  time  delay  in  a  hermetically 
sealed  unit  which  allows  passage  oi  inrush  current.  Continued  overload,  however,  opens  the  breaker 
in  time  inverse  to  the  ratio  oi  the  current.  Breakers  ore  made  with  time-delays  closely  matched  to 
customers'  specifications. 


B  HIGH  SPEED  LATCH 


This  latch  mechanism  operates  with  the  least  amount  of  friction  and  greatest  speed  of  any  latch 
known.  It  performs  two  functions,  opening  the  breaker  with  the  least  mechanical  delay,  and  opening 
it  independently  of  handle  operation.  It  functions  only  under  overload  or  short  circuit  conditions. 


c  MAGNETIC  HIGH  SPEED  BLOWOUT 


This  blowout  adds  speed  to  the  arc  interruption.  Individual  arcing  chambers  corefuly  insulated  from 
each  other  hove  magnetic  blowout  contacts  mounted  in  them.  As  the  value  of  the  current  to  be 
interrupted  increases,  the  quenching  effect  becomes  greater,  due  to  the  intensified  magnetic  blow¬ 
out  field. 

Send  for  NEW  Catalog  Showing  Complete  Line  and  Engineering  Data  •  •  • 


DESIGN  DATA 


(conliniMd) 


HOW  MANY 

VARIATIONS 


ARE  THERE  TO  A 


STANDARD  DESIGN 


Acme  Electric  transformers  are 
designed  to  basic  standards 
to  which  variations  can  be 
adapted  to  exactly  meet  the 
requirements  of  the  applica¬ 
tion.  For  example.  Mounting 
Type  100  is  for  horizontal 
mounting  while  type  101  is 
for  vertical  mounting,  yet  both 
are  basically  identical.  And 
in  either  case,  one  or  both 
mounting  legs  may  be  turned 
down  for  side  mounting  to  save 
space.  The  number  of  leads  or 
terminals  may  also  be  varied 
to  comply  to  the  electrical  spe¬ 
cifications  desired.  All  things 
considered.  Acme  transform 
ers  made  from  standard  parts 
to  special  specifications  are 
available  in  hundreds 
of  ratings  and  to  ex¬ 
actly  the  physical  di¬ 
mensions,  design  and 
electrical  characteris¬ 
tics  you  require.  Acme 
TransformerEngineers 
will  be  glad  to  assist  you 
by  designing  transformers 
to  improve  the  perform 
once  of  your  product.  Bul¬ 
letin  1 68  gives  more  details. 


■  A 

i 

TYPE  101 


THE  ACME  ELECTRIC  &  MFG.  CO 

31  Water  St*  CUBA,  N*  Y 


tending  frequency  range  will  produce 
quality  which  is  less  pleasing  than 
that  obtained  with  a  limited  band¬ 
width. 

Distortions  may  be  in  frequency 
and  amplitude,  and  may  be  due  to 
hum  and  noise  or  caused  by  inter¬ 
action  of  complex  frequencies  or  in¬ 
termodulation.  To  meet  the  FCC  re¬ 
quirements,  an  amplifier  should  have 
a  total  hum  and  noise  at  least  66  db 
below  the  full  modulation  or  over¬ 
load  point.  It  should  have  a  reserve 
sine-wave  carrying  capacity  at  least 
six  db  beyond  full  modulation. 

There  should  be  no  significant  dif¬ 
ference  in  frequency  response  of  the 
amplifier  between  runs  made  with  os¬ 
cillator  and  oscilloscope  at  maximum 
operating  level,  a  level  of  30  db  be¬ 
low  that  point,  and  60  db  below  max¬ 
imum  level.  For  direct  transmission, 
six  percent  intermodulation  should 
not  be  exceeded  in  the  frequency 
band,  and  if  the  signal  is  be  recofded 
and  rerecorded  or  is  to  be  transmit¬ 
ted  through  a  network  of  amplifiers, 
it  is  desirable  that  intermodulation 
products  be  held  below  four  percent. 

Test  Technique 

Intermodulation  tests  consist  of 
transmitting  simultaneously  two 
known  frequencies  through  equip¬ 
ment  under  test  and  then  measuring 
the  degree  of  interaction  and  distor¬ 
tion  of  the  two  by  determining  the 
amount  of  new  frequencies  gen¬ 
erated.  First  and  second  harmonics 
of  intermodulation  and  ripple  com¬ 
ponents  are  usually  present. 

The  test  method  uses  two  oscilla- 


Block  diagram  of  Intermodulation  analyzer 
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THE  tfCW  NA-1  AIRCRAFT 
NAVIGATIONAL  SYSTEM 

Latest  addition  to  the  already  famous 
Bendix  Radio  Compass  Line 

A  new  example  of  Bendix  Radio  Creative  Engineering — The  NA-1 
System  furnishes  automatic  visual  bearings  and  simultaneous  aural 
reception  of  cw,  mew  or  voice  signals  in  the  range  100-1750  kc. 
It  also  serves  as  a  low  frequency  range  receiver,  or  manual  direp 
tion  finder,  and  operates  on  a  straight  wire  antenna  or  static 
reducing  loop  throughout  its  frequency  range. 

The  MN-62A  Radio  Compass  Receiver  is  designed  for  operation 
with  r.f.  transmission  lines  up  to  30  feet  in  length,  for  flexibility 
in  location  of  loop  and  sense  antenna.  All  receiver  and  loop  con- 
frpl  circuits  are  included  in  a  single  case.  The  receiver  operates 
from  a  primary  power  supply  of  1 1 5  V.,400  cycles  a.c.  and  28  V.  d.c. 

The  MN-60A  Iron  Core  Loop— Small,  streamlined,  is  ideal  for 
highspeed  craft.  It  increases  payload  of  aircraft  by  reducing 
air-drag. 

All  functions  of  the  NA-1  System  are  controlled  with  the  type 
MN-63A  Remote  Control  Unit,  or  with  custom-built  controls 
designed  for  specific  overall  systems  and  types  of  airplanes. 
Bendix  Radio  specializes  in  the  design  of  such  consolidated 
control  assemblies. 

Bearing  indicators  are  available  in  several  types  and  sizes  for 
either  a  single  or  dual  compass  system. 

All  components  of  the  NA-1  System  are  built  to  the  same  rigid 
specifications  that  have  made  Bendix  the  Greatest  Name  in  Air¬ 
craft  Radio.  They  bear  CAA  type  certification  for  scheduled  air 
line  operation. 

For  full  information,  writo  to  Solos  Dopartmont 
BENDIX  RADIO  DIVISION  •  BALTIMORE  4,  MARYLAND 
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Over  90  percent  of  all  rectifier  requirements  are 
served  by  12  tyjjes— 4  basic  assemblies  in  3  series. 

These  series  are  Conant’s  500, 160  and  160-C. 

Conant  special  developments  include: 
lALAC— for  applications  that  involve  the 
balanced  bridge  principle  in  AC  operation,  and 
UNI-SCALE—  the  rectifier  assembly  that 
completely  eliminates  temperature  variations. 

YOU  NEED  THESE  BOOKS! 

E«ctifitr  EtpIflCMMRt  Svidt”  for  most  test 
equipment.  Know,  at  a  glance,  the  correct  type 
and  size  rectifier  necessary  for  any  installation. 

Write  for  your  “Guide”  today,  it’s  free. 

*iiistnnMflt  Etetifiers  ami  Ecctifitr  Typt  lastniaMts’ 

by  H.  B.  Conant.  It’s  ‘must’  reading 

for  every  user  of  instrument  rectifiers.  Send  25c 

to  help  cover  handling  and  mailing. 

EtMMibtr:  ( 1 )  Every  order  for  Conant  Rectifiers 
is  shipped  to  you  prepaid,  and  (2)  Substantial 
quantity  discounts  apply  on  large  orders. 

Wh«n  you  nood  rectifiers  or  when  you  need 
informotion,  contact  your  local  representative,  or  write 


ELECTRICAL  LABORATORIES 


6500  0  STREET,  LINCOLN  5,  NEBRASKA,  U.  S.  A. 


20  Vescy  St.,  N*w  York  7,  Now  York  2017  Grand  Avo.,  Kamos  City  8,  Mo. 
85  E  Gay  St.,  Cokimbvt,  OMo  1212  Comp  St.,  Dollot  2,  Toxos 

600  S.  Michigan  Avo.,  Chicago  5,  HI.  378  Sowlovard  N.  E.,  Atlanta,  Go. 
1215  Harmon  fl.,  Minnoopolis  3,  Minn.  4018  Groor  Avo.,  St.  Lowis.  Mo. 


1 526  Ivy  St.,  Donvor,  Colo. 

4214  Country  Ckib  Dr.,  Long  8oach7,Cal. 
Export  Div.,  89  Srood  St.,  N.  Y.  4,  N.  Y. 
50  Yarmouth  Rd.,  Toronto,  Conodo 


DESIGN  DATA  (continued) 

tors,  one  having  low  frequency  out¬ 
put  of  40-60-100  cps  and  the  other 
with  frequencies  of  1,000-7,000-12,- 
000  cps  combined  in  a  hybrid  coil  and 
fed  through  an  attenuator  to  the 
equipment  under  test. 

A  block  diagram  of  the  intermod¬ 
ulation  analyzer  is  shown.  The  input 
attenuator  can  dissipate  50  watts  and 
is  adjustable  over  a  90-db  range  in 
one-db  steps.  The  output  of  the 
equipment  under  test  consists  of  a 
low-frequency  signal  with  a  high- 
frequency  signal  superimposed  plus 
harmonics  of  the  original  tones  and 
intermodulation  distortion. 

To  measure  the  intermodulation, 
the  original  low-frequency  component 
must  be  removed.  This  is  done  in 
the  800-cycle  filter  following  the  at¬ 
tenuator.  The  filter  output,  a  car¬ 
rier  and  its  resultant  side  bands,  is 
then  amplified  and  demodulated.  A 
200-cycle  low-pass  filter  removes  the 
carrier  and  transmits  only  the  ripple 
components  up  to  200  cycles.  The 
200-cycle  cutoff  was  .set  to  admit  at 
least  second  harmonics  for  all  orig¬ 
inal  low  frequencies,  more  being  ac¬ 
cepted  for  the  40  and  60-cycle  tones. 

The  ability  of  an  amplifier  system 
to  transmit  the  low  frequencies  that 
occur  simultaneously  with  the  higher 
frequencies  of  speech  and  music  is 
very  important.  Without  such  carry¬ 
ing  capacity,  extreme  distortion  may 
result.  Transformers  and  other  de¬ 
vices  which  change  their  impedance 
at  low  frequencies  are  a  major  cause 
of  such  distortion.  All  types  of  sys¬ 
tems  show  the  least  distortion  near 
the  middle  portion  of  the  transmis¬ 
sion  band.  For  this  reason,  test  fre¬ 
quencies  were  chosen  near  the  outer 
portions  of  the  band. 

Practical  Aspects  of  High  Fidelity 

That  too  much  emphasis  is  placed 
on  frequency  response  and  not 
enough  on  entertainment  value  of  re¬ 
production  was  stressed  by  Hugh  S. 
Knowles  of  Jensen  Radio  Manufac¬ 
turing  Co.  He  stated  that  high-fidel¬ 
ity  sets  produced  in  1935  were  cap¬ 
able  of  reproducing  frequencies  up 
to  7,000  cycles,  which  is  far  above 
the  average  today.  Receivers  pro¬ 
duced  in  1937  covered  the  range  from 
40  to  4,000  cycles  and  those  produced 
in  1941,  70  to  3,500  or  4,000  cycles. 

Chinn  and  Eisenberg  specify  wide- 
range  reproduction  as  30  to  10,000 
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The  photo  above  shows  a  cut-away  view 
ond  completed  assembly  of  Allied  type 
TKHX-26  sealed  relay  with  ten  soldered 
terminals  individually  color  marked. 


DIVERSITY  OF  DESIGN  pUU 

.N  ALLIED’S 

HERMETICALLY- SEALED  RELAYS 


These  relays  are  designed  to  fit  your  specific  applications 
and  to  fill  your  special  requirements  completely,  but  this 
is  not  all. 

When  you  specify  “Allied”  you  are  sure  to  get  a  unit  that 
is  completely  engineered  as  a  sealed  relay  —  not  just 
equipment  built  around  older  types.  Moreover  these  sealed 
relays  are  produced  completely,  from  start  to  finish,  in 
Allied  plants,  by  one  organization,  under  coordinated 
standards. 

These  products  have  back  of  them  a  wealth  of  pioneering 
experience  in  the  sealing  of  relays  to  protect  them  from 
dirt,  moisture  and  many  foreign  substances  or  to  prevent 
tampering  or  accidental  damage  to  the  working  parts.  This 
experience  is  today  expressed  in  a  completely  organized 
sealed-relay  division,  using  the  most  modern  techniques 
and  equipment  including  a  specially  designed  sealing  room 
where  air  temperature,  humidity  and  cleanliness  are  scien¬ 
tifically  controlled. 

There  is  wide  diversity  of  design  in  Allied  sealed  relays. 
But  of  far  greater  importance  are  the  benefits  of  experi¬ 
ence,  complete  engineering,  and  modern  manufacturing  by 
one  organization.  Before  you  specify  be  sure  to  get  all  the 
facts  about  Allied  relays.  _• 


ALLIED  CONTROL  COMPANY,  INC. 


MNCtAL  OmcCS:  2  CMt  Cnd  Av«.  (at  79tli  St.)  Mmm  Tarli  21.  N.  T.  factartos.-  Naw  Tarti  CHy  (2  Cast  CaA  Aaa.)  •  ^ 

riaatsvilla.  Caaa.  ChUmfo  ■  -  4321  N.  Kaaa  Avaaaa,  CMcafa  41.  Illiaals.  la  Caltfarala:  Alliatl  Caatral  Ca.  af  CaMfatala.  lac. 

1*23  Scat*  Hae*  St..  Las  Aa galas  IS.  Calif. 
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RESIGN  DATA 


(continuad) 


cycles,  medium  from  60  to  8,000 
cycles  and  narrow  range  from  100  to 
4,600  cycles.  The  narrow  range  is 
wider  than  that  of  most  production 
models  of  today.  Surveys  have  shown 
that  a  band  between  the  narrow  and 
medium  ranges  is  preferred  by  the 
public. 

Response  curves  commonly  shown 
as  indicative  of  performance  often 
lead  to  incorrect  conclusions  since  the 
curves  are  dependent  on  location  of 
the  microphone  and  loudspeaker  even 
in  rooms  that  may  be  built  to  a  given 
set  of  specifications.  The  loudspeaker 
output  should  go  up  at  high  frequen¬ 
cies  to  sound  best  to  the  ear.  Sub¬ 
harmonic  distortion  is  sometimes 
introduced  to  aid  reproduction.  Dis¬ 
tortion  from  intermodulation  varies 
greatly  with  frequency  and  may  af¬ 
fect  entertainment  value  of  wide- 
range  systems.  The  speaker  felt  that 
the  entertainment  value  of  a  two- 
channel  system  reproducing  frequen¬ 
cies  up  to  3,600  cycles  is  better  than 
a  one-channel  system  with  16.000 
cycle  response  and  that  a  spread- 
source  effect  in  reproducing  music 
is  desirable  even  though  it  cuts 
articulation  efficiency. 


More  on  Spherics,  Storm 
Detector 

Further  technical  details  of  the 
spherics  detector  for  locating  distant 
storm  centers  (Electronics,  Feb. 
1946,  p  212)  have  been  disclosed  by 
the  Office  of  the  Chief  Signal  Officer. 
The  equipment  enables  weather  fore¬ 
casters  to  plot  storms  across  thou¬ 
sands  of  miles  of  ocean  by  detection 
of  static  electricity  in  thunderstorms, 
cloud  masses,  or  rainfall. 

Experience  proved  that  the  spher¬ 
ics  technique  was  not  as  effective  in 
tropical  climates  as  in  more  temper¬ 
ate  regions.  It  was  also  found  that 
nocturnal  observations  were  signif¬ 
icantly  less  accurate  than  those  made 
in  the  daytime.  And  due  to  the  com¬ 
paratively  low  frequency  of  the 
spheric  impulses  (7  to  10  kilocycles), 
deflection  of  the  ground  wave  causes 
a  considerable  factor  of  error,  es¬ 
pecially  in  coastal  locations.  Another 
element  of  error  is  introduced  when 
the  direction  finders  pick  up  low- 
frequency  communication  transmis- 


Here’s  the  switch  you’ve  been  looking  for.  Now  a  simple  and 
efficient  means  of  switching  coax  lines  is  available  in  three 
models.  Present  Types  handle  50-ohm  coax  at  frequencies  up 
to  4000  megacycles.  Characteristic  impedance  is  maintained 
thru  all  switch  details. 

Application:  Selection  of  antennas,  receivers,  low  power 
transmitters;  Intra-equipment  switching  in  coax  links;  with 
phase  monitors  in  directionals;  double-ended  selection  of 
insertion  devices,  filters,  etc. 

Model  74  handles  single  line  with  choice  of  six  channels. 
Model  718  in  similar  to  Model  74  but  with  8-channels. 
Model  72-2  is  a  double-pole,  double-throw  type  for  switch¬ 
ing  two  circuits  simultaneously.  Other  versions  of  the  novel 
switching  action  of  the  COAXWITCH  and  other  impedance 
levels  are  under  development.  If  you  have  a  coax  switching 
problem,  we  can  help  you.  Data  sheets  are  available.  Write 
^  Bird  Electronic  Corporation,  1 800 

East  38th  St.,  Cleveland  1 4,  Ohio, 
M  vour  copy  today. 
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/Ky  do  it  tKe  hard  way 
Just  snap  on  a  SPEBP  N 

rffrf  i 


U"  TYPE  SPEED  NUT  SNAPPED 
BY  HAND  INTO  BOIT 
^  RECEIVING  POSITION  ^ 


SPEED  NUTS  ’ 
eliminate  handling 
of  material  & 


Time  weis  when  the  only  way  to  iaisten  a  nut  in  place  for  blind 
location  assembly  was  to  weld,  rivet  or  clinch  a  cage  nut  over 
the  bolt  hole.  This  anchored  the  nut  .  .  .  but  man,  what  a  job 
it  was! 

Chemging  to  Speed  Nuts  really  simplifies  this  type  of  opera¬ 
tion!  Effort  is  reduced  to  a  fraction  —  hands  freed  for  more 
productive  work.  Welding  machines  eliminated.  Less  floor  space 
needed.  And,  there  is  less  handling  and  easier  final  assembly. 
You  get  all  this  plus  a  better  finished  product  because  the 
spring  tension  lock  of  Tinnerman  Speed  Nuts  prevents  vibra^ 
bon  loosening. 

There  are  meiny  types  of  self-ret^uning  Speed  Nuts  ...  all 
designed  to  dr2istically  reduce  the  cost  of  blind  location  fasten¬ 
ing.  Let  us  show  you  how  they  can  be  used  on  your  product 
to  effect  really  worth-while  savings.  Send  in  your  assembly 
details  today! 


A  SPEED  NUT  CASE  HISTORY 

One  car  builder  used  four  welding 
machines  to  attach  cage  nuts  on  fender 
stampings  for  head  lamp  assembly. 
Three  men  were  needed  for  each 
machine  .  .  .  one  hauled  stampings 
from  the  press  department  and  two 
more  wrestled  the  stampings  and  loca¬ 
ted  them  in  fixtures  on  the  welder. 
Because  of  all  this  handling,  stamp¬ 
ings  were  frequently  damaged.  And 
after  painting,  threads  had  to  be  re¬ 
tapped. 

Changing  to  self-retaining  Speed 
Nuts  radically  reduced  the  costs  of 
this  operation!  Two  men  now  do  this 
work  on  a  conveyor  and  quickly  snap 
the  Speed  Nuts  into  place  by  hand. 
We  will  be  glad  to  give  you  complete 
details  of  this  case  history  on  request. 


In  C«iiod«:  WaUocn  Bam«t  Co,  Itd^  Hamilton,  Ontario 
I"  Inslondt  Simmondt  AorocMsorias,  Ltd,,  London. 

In  Franco:  AorocM*oirM  Simmondt,  S.A.,  Farit 
In  Aociralla :  Simmondt  Aorocottoriot,  Fty.  Ltd,,  Molbo«rno 
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For  FM  and  TV 


STORM  DETECTOR 


(continutd) 


NEW  ANDREW  COAXIAL  CABLE  WITH 

51.5  OHMS  IMPEDANCE! 


Meets  Rigid  FM-TV  Standards 


A  new  coaxial  cable,  especially  designed  for  FM 
and  TV  use,  is  now  a  reality  at  the  Andrew  Co. 

Scheduled  for  mid-June  delivery  to  the  first  orders 
received,  these  new  cables,  in  4  sizes,  introduce 
the  following  important  engineering  features: 

1.  Characteristic  impedance  of  51.5  ohms.  (The 
regular  Andrew  cables  for  AM  applications  have 
a  nominal  impedance  of  70  ohms.) 

2.  Connectors  and  associated  fittings  have  been 
engineered  with  special  care  to  avoid  reflections 
and  discontinuities.  Being  completely  solderless,  these  fittings  simplify 
installation  and  eliminate  problems  of  flux  corrosion  and  pressure  leaks. 

3.  Insulators  are  spaced  1 2  inches  apart  in  the  3  large  size  cables,  and 
6  inches  in  the  %-inch  cable. 


3Vi 
COAXIAL 
CAILE 


4,  Improved  low  loss  insulation  material  is  used,  having  a  dielectric  con¬ 


stant  of  6.0  and  a  maximum  loss  factor  of  .004  at  100  me. 

5.  Close  tolerances  have  been  established  on  conductor  and  insulator 
dimensions,  in  order  to  maintain  a  constant  characteristic  impedance. 

6.  Inner  and  outer  conductors  are  made  of  copper 
having  a  minimum  conductivity  of  95*4  lACS  at 
25^  centigrade. 

Your  order  now  is  the  best  assurance  of  early 
delivery  on  this  new  coaxial  cable  for  your  FM 
or  TV  installation. 

Write  or  wire  the  Andrew  Co.,  363  East  75th 
Street,  Chicago  19,  Illinois,  for  complete  Infor¬ 
mation  or  engineering  advice  on  your  particu¬ 
lar  application. 

ATTENUATION  CURVE 
Attenuation  is  calculated 
to  provide  for  conduc¬ 
tor  and  insulator  loss, 
including  o  10%  derat¬ 
ing  factor  to  ollovr  for 
resistance  of  fittings 
and  for  deterioration 
with  time. 

•  The  new  51.5  ohm 
air  insulated  coaxial 
coble  for  FM  and  TV 

comes  in  4  sizes,  priced  tentatively  os  follows: 

42c  per  ft.;  1%'.  90c  per  ft.;  3%*,  $2.15  per  ft.; 
6  Vs".  $5.20  per  ft.  Andrew  Co.  also  manufactures 
a  complete  line  of  accessories  for  coaxial  cables. 


6% 
COAXIAL 
CAILE 


ANDREW  CO. 

363  EAST  75th  STREET 
CHICAGO  19  ILLINOIS 


sions  simultaneously  with  spheric  im¬ 
pulses. 

As  used  by  the  Signal  Corps,  each 
spherics  set  weighs  about  450  pounds 
and  costs  about  $5000.  The  frequency 
range  of  the  latest  model  is  ?>.6  to 
17.5  kilocycles. 

Fixed  Loop  Antennas 

Most  radio  direction  finders  are 
designed  to  detect  continuous-wave 
signals  which  are  sufficiently  endur¬ 
ing  in  time  to  permit  the  determina¬ 
tion  of  direction  by  rotation  of  an 
antenna.  The  detection  of  spherics 
obviously  poses  greater  problems,  and 
the  static  direction  finder  is  engi¬ 
neered  with  two  separate  antennas 
which  do  not  rotate.  The  two  loop 
antennas  are  erected  at  right  angles 
to  each  other  so  that  the  plane  of  one 
is  perpendicular  to  the  north-south 
direction  and  the  plane  of  the  other 
is  perpendicular  to  the  east-west  di¬ 
rection. 

Each  antenna  consists  of  400  turns 
of  wire  wound  inside  a  waterproof 
aluminum  shield.  The  output  voltage 
of  each  loop  is  coupled  to  identical 
but  separate  high-gain  amplifiers, 
which  are  designed  to  produce  iden¬ 
tical  output  voltages  in  response  to 
equal  stimuli.  The  output  voltages 
of  the  amplifiers  in  turn  are  coupled 
to  the  deflection  plates  of  the  oscil¬ 
loscope. 

When  the  loops  are  mounted  at 
right  angles  to  each  other,  signals 
arriving  along .  the  ground  produce 
in  each  loop  a  voltage  whose  value 
is  determined  by  the  strength  and 
angle  of  approach  of  each  received 
signal.  Since  the  two  loops  are  iden¬ 
tical  in  construction,  their  output 
voltages  are  identical  in  wave  shape 


Loop  antonnos  of  tho  diroctlon-findor  tyi* 
tom  lor  locating  distant  storms 
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HOW  TO 

ON  VOUR  BMMKING  DIES 


You  ctn  save  steel  and  time  in  the 
making  of  dies  for  blanking,  trim¬ 
ming,  beading,  or  any  application 
involving  the  cutting  of  sheet  metals 
to  regular  or  irregular  shapes,  by 
assembling  them  from  FCC  Com¬ 
posite  Steel  Die  Sections. 

These  prefabricated  die  parts 
consist  of  fine  tool  steel  cutting 
edges,  in  a  selection  of  grades. 


electrically  welded  by  a  special 
process  to  non-hardenable  mild 
steel  bases.  Thus,  screw  and  dowel 
holes  may  be  easily  drilled  after 
heat  treating,  ancb  there  are  numer¬ 
ous  other  advantages  that  will  be 
immediately  obvious  to  the  die 
maker. 

Thousands  of  die  shapes  may  be 
made  up  from  combinations  of 


WRITE  FOR  ENGINEERING  DATA 

It  contains  a  print  showing  the  various  standard  shapes 
available  for  quick  shipment,  and  explains  how  to  order 
special  shapes,  including  rib-reinforced  extra  high  sections. 
It  also  contains  prices.  Get  your  copy — write  for  it  today. 

ADDRISS  DIPT.  E-40 


W  •  D  0477-C 


thirty-five  standard  sections.  Spe¬ 
cially  shaped  sections  are  manu¬ 
factured  to  customers’  specifica¬ 
tions  in  five  to  ten  days. 

•  Make  your  dies  this  money-saving 
way — full  data  on  request. 

it 

ALLEGHENY 

LUDLUM 

STEEL  CORPORATION 

Forging  and  Casting  Division 
Detroit  20,  Michigan 
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Send  for  complete  catalog  de¬ 
scribing  the  full  line  of  I.C.A. 
Antennas.  Or,  if  convenient  pick 
up  a  copy  when  you  visit  our 
exhibit  at  the  R.P.E.E.  Show, 
Steven’s  Hotel,  Chicago. 

Booth  #34 

(May  13th  to  16th  inclusive) 


insuline 


jf  CORPORATION  OF  AMERICA 

INSULINE  BUILDING  •  LONG  ISLAND  CITY,  N  Y 
More  than  a  quarter-century  of  Quality  prociuction. 


STORM  DETECTOR  (continued) 


and  phase,  and  are  equal  in  magni¬ 
tude  for  signals  arriving  from  angles 
of  45,  135,  225,  and  315  degrees. 

The  output  voltages  of  the  two 
loops  are  amplified  to  the  point  where 
they  are  strong  enough  to  deflect  the 
oscilloscope  electron  beam.  The  out¬ 
put  voltage  of  the  north-south  loop 
amplifier  is  applied  to  the  vertical 
plates  and  theoutput  voltage  of  the 
east-west  loop  amplifier  is  applied  to 
th6  horizontal  plates. 

In  view  of  the  brief  duration  of 
the  oscilloscope  flashes,  a  certain  ele¬ 
ment  of  error  is  inherent  in  the 
instantaneous  visual  reading  of  the 
dir^tional  bearings.  The  Signal 
Corps  is  attempting  to  overcome  this 
problem  by  developing  auxiliary  pho¬ 
tographic  equipment  which  records 
the  oscilloscope  indications  on  35-mm 
film.  This  equipment  includes  a  mo¬ 
tion  picture  camera  through  which 
the  film  is  drawn  continuously  at  a 
speed  of  one  to  five  inches  per  second, 
and  a  continuous  action  developer 
which  automatically  processes  and 
dries  the  exposed  film  received  di¬ 
rectly  from  the  camera.  The  film  is 
then  projected  upon  a  viewing  screen. 


□ectxonic  equipment  of  the  static  direction 
finder.  Only  half  of  the  cothode-ray  tube 
is  calibrated  since  the  indiTiduol  direction 
finders  proTide  data  with  ISO-degree 
ambiguity 

The  camera  action  is  synchronized 
at  all  stations  of  the  spherics  network 
by  a  radio  timing  unit  which  pro¬ 
duces  timing  pulses,  accurate  to 
within  1  part  in  50,000.  This  auxil¬ 
iary  photographic  equipment  is  still 
in  the  laboratory  stage. 
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1.  Drill,  counterbore  and  tap 

2.  Stud  ready  for  insertion 

3.  Stud  inserted,  ready  for  ring 
installation 

4.  Terminal  locking  ring 

5.  Assembly  completed,  with 
terminals 

6.  Terminal  locking  ring  removed 


THE  NATIONAL  SCREW  &  MEG.  CO.,  CLEVELAND  4,  0 


Electrical  Terminal  Studs  can  now  be  in¬ 
stalled,  locked-in  and  replaced  from  the  front 
side  of  the  panel.  This  development  is  possible  because 
of  the  Rosan  Terminal  Locking  Ring  which  not  only 
locks  the  stud  firmly  in  the  material,  hut  allows  the 
terminals  to  be  tightly  fastened  without  rotation. 

The  Rosan  Terminal  Stud  may  be  molded  into  the 
panel,  or  easily  installed  after  forming.  It  can  he  just 
as  easily  removed  by  prying  under  the  flange  at  the  top 
of  the  ring,  without  disturbing  other  studs  9fJ(B 

or  terminals. 

Send  for  samples  and  full  information 
on  this  time  and  moneysaving  fastening  ‘ 
system. 

(Patents  issued  and  pending,  V,  S.  .4.  and  foreign  countries) 


Molded-ln  Type.  Terminal  Stud  molded 
solidly  in  panel,  can  be  removed  by  simple 
means  and  replaced  with  two-piece  type  with¬ 
out  damage  to  material  or  disturbance  of 
other  terminals. 


Two-Piece  Type.  Panel  drilled,  counter- 
bored  and  tapp^,  terminal  stud  inserted  and 
locked  with  ring.  <^ick  and  ea^  removal  may 
be  effected  as  indicated.  (No.  6  above) 
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THE  ELECTRON  ART 

*AI£E  Winter  Convention 


Specific  information  on  new  fron¬ 
tiers  initiated  or  given  impetus  by 
technical  advances  during  the  war 
was  presented  before  approximately 
2,000  engineers  attending  the  1946 
AIEE  Winter  Convention  held  Janu¬ 
ary  21-25  at  the  Engineering  Socie¬ 
ties  Building,  New  York  City.  Of 
particular  interest  to  Electronics 
readers  were  the  sessions  on  com¬ 
munications,  sound  recording,  indus¬ 
trial  tube  applications,  and  radar. 
Beginning  on  page  236  abstracts  of 
the  more  informative  papers  are  pre¬ 
sented. 

Electronic  applications  were  men¬ 
tioned  in  nearly  all  sessions.  Al¬ 
though  major  portions  of  these  ses¬ 
sions  dealt  specifically  with  electrical 
engineering,  such  as  hydroelectric 
systems,  power  transmission  and  ma¬ 
chine  tool  process  drives,  electronic 
techniques  were  mentioned  in  the 
sessions  on  excitation  systems,  indus¬ 
trial  powTr  applications,  and  instru¬ 
ments  and  measurements. 

Power  Generation 

Electronic  excitation  systems  for 
large  a-c  generators  were  described 
and  principles  of  design  and  per¬ 
formance  characteristics  presented 
by  Westinghouse  engineers.  These 
exciters  provide  reliable,  continuous 
service,  good  generator  regulation, 
and  quick  generator  recovery  from 
load  switching  and  system  shorts. 


Circuits  using  thyratrons  can  be  de¬ 
signed  so  that  tubes  can  be  replaced 
without  interrupting  service. 

Essentially  these  electronic  excit¬ 
ers  are  rectifiers  for  supplying  the 
d-c  fields  of  generators.  This  par¬ 
ticular  design  feature  is  a  means  of 
maintaining  d-c  excitation  despite 
generator  output  voltage  and  current 
variations,  especially  during  shorts. 
Besides  the  obvious  method  of  oper¬ 
ating  from  an  auxiliary  generator, 
the  output  of  the  exciter  can  be  stab¬ 
ilized  over  wide  ranges  of  main  gen¬ 
erator  output  either  by  compensat¬ 
ing  series  transformers,  firing  angle 
control,  or  electronic  regulation. 

Power  Applications 

Industrial  power  applications  util¬ 
izing  electronics  include  induction 
heating  and  radiography.  During 
this  session,  H.  F.  Storm  of  Allis- 
Chalmers  Mfg.  Co.,  Milwaukee,  Wis., 
derived  a  graph  of  centimeters  pene¬ 
tration  for  long,  cylindrical  charges 
heated  by  induction.  The  graph  cov¬ 
ers  the  frequency  range  from  one 
cycle  to  one  hundred  megacycles  and 
resistivities  from  one  to  one-thousand 
micro-ohms  per  centimeter. 

X-rays  produced  by  electrons  mag¬ 
netically  accelerated  in  the  Betatron 
have  higher  penetration  than  those 
currently  produced  by  direct  poten¬ 
tial  acceleration.  Thicker  sections  of 
metals  can  be  more  quickly  radio¬ 


graphed  by  these  x-rays  than  by 
lower  energy  rays. 

How  the  Betatron  has  been  de¬ 
veloped  from  a  laboratory  instrument 
into  an  industrial  tool  was  related  in 
a  paper  prepared  by  J.  P.  Girard  of 
Allis-Chalmers  Mfg.  Co.,  Milwaukee, 
Wis.,  and  G.  D.  Adams,  University  of 
Illinois,  Urbana,  Ill.  Tests  indicate 
that,  like  steel,  most  metals  have  a 


Rodiograph  of  Ford  Modol  T  motor  mad* 
from  Botcrtron  producod  x-royt 


region  of  minimum  absorption  in  the 
vicinity  of  twenty-million  electron 
volt  x-rays.  Therefore  the  Betatron 
is  designed  to  work  in  this  range. 
Sections  having  wide  variations  in 
thickness  can  be  radiographed.  The 
small  spot  size  of  the  Betatron  x-ray 
source  approximates  the  ideal  point 
source,  making  possible  enlargement 
of  the  specimen  on  the  radiograph  by 
simply  increasing  the  specimen  to 
film  distance. 

Other  projected  applications  of  the 
Betatron  include  medical  therapy  and 
nuclear  research.  (News  comes  from 
General  Electric  Co.  that  engineers 
of  their  x-ray  laboratory  are  develop¬ 
ing  a  Betatron  x-ray  generator.  At 
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77«0-pro¥erf  Ihsigiil  Wid$st  Kaiige  of  Sizes! 

You  get  these  advantages:  (l)  Ohmite  experience  with 
countless  rheostat  applications.  (2)  Service>proved 
Ohmite  features  that  assure  permanently  smooth,  close 
control.  (3)  Extensive  range  of  sizes  and  types  for  easy, 
economical  selection  of  the  best  unit  for  every 
application. 

There  are  ten  wattage  sizes  ranging  from  25  to  1000 
watts— from  diameter  to  12'  diameter — in  uni¬ 

form  or  tapered  winding— in  single  or  tandem  units — 
in  regular  or  special  designs.  Stock  models  from  25  to 
500  watts,  in  many  resistance  values. 

Consult  Ohmite  engineers  on  your  rheostat  control 
problem. 

OHMITE  MANUFACTURING  COMPANY 

48U  FLOURNOY  STRUT,  CHICAGO  44,  U.S.A. 


Send  for  Catalog 
and  Enginooring 
Manual  No.  40 

Writ*  on  company 
l•tt•rit•ad  for  this 
Iwipful  Quid*  in  th* 
s*l*ction  ond  op- 
pikation  of  rh*^ 
stats,  rosistoh,  top 
switch*s,  chokos 
and  ottonwotors. 
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the  IRE  Winter  Technical  Meeting 
engineers  of  Westinghouse  Electric 
Corp.  described  high  speed  x-ray 
equipment  capable  of  recording  im¬ 
pact  pressure  waves.) 

Measurements 

In  addition  to  instruments  and 
measurements  largely  concerned  with 
testing  electrical  machinery,  three 
papers  pertaining  to  electronic  cir¬ 
cuits  were  presented.  In  the  first, 
prepared  by  engineers  of  the  Leeds 
and  Northrup  Co.,  electronically  bal¬ 
anced  recorders  having  high  input 
impedances  and  balancing  time  in  the 
order  of  seconds  were  described. 
These  recorders  were  developed  for 
use  with  thermocouples  and  photo¬ 
tubes.  Vacuum  tubes  within  the  re¬ 
corders  provide  signal  amplification, 
others  control  the  balancing  motors. 

An  automatic  oscillograph  with  a 
memory  was  described  by  A.  M. 
Zarem,  California  Institute  of  Tech¬ 
nology,  Pasadena,  Calif.  The  oscillo¬ 
graph  consists  essentially  of  a  long- 
persistance  screen,  cathode-ray  tube. 
The  unit  was  designed  to  record 
randomly  occurring  transients. 

The  cathode-ray  tube  is  normally 
in  constant  operation.  The  time  base 
is  operating;  the  signal  is  applied. 
When  a  transient  occurs  in  the  sys¬ 
tem  being  monitored,  the  transient 
is  immediately  drawn  on  the  tube 


Automatic  oscillograph  records  transients 
wheneyer  one  occurs 


screen.  The  transient  also  blanks  the 
beam  preventing  masking  of  the 
transient  by  later  steady  state  sig¬ 
nals  and  trips  a  camera  focused  on 
the  screen.  The  transient  trace  is 
photographed  before  it  decays.  The 
system  can  reset  itself  in  preparation 
for  the  next  transient  once  the  initial 
transient  trace  has  been  photo¬ 
graphed.  The  beam  blanking  is  re¬ 
moved,  the  film  moved  to  the  next 
frame,  and  the  camera  reset. 

Servomechanism  problems  can  be 
studied  by  electrical  analogy  meth¬ 
ods  described  by  Westinghouse  engi¬ 
neers.  The  principle  of  the  technique 
is  to  represent  all  mechanical  prop¬ 
erties  such  as  time  lag,  inertia,  stiff¬ 
ness,  and  friction  by  their  electrical 
analogies.  The  electrical  analogies 
are  wired  into  the  servo  control  cir¬ 
cuit.  Oscilloscopic  observations  at 
essential  points  in  the  circuit  indi¬ 


cate  system  behavior.  By  this 
method,  servomechanisms  can  be 
quickly  studied  and  the  effects  on 
stability  and  speed  of  response  of  the 
parameters  determined.  The  paper 
is  specifically  concerned  with  angular 
position  servomechanisms. 

Atomic  Power 

Generation  of  electric  power  from 
atomic  fission  promises  to  be  the 
greatest  directly  constructive  social 
benefit  of  atomic  power.  However, 
engineering  difficulties  which  must 
be  overcome  before  this  application 
is  economically  feasible  will  require 
years  of  experience  with  this  new 
energy  source. 

In  an  address  before  the  Institute, 
J.  R.  Dunning,  Columbia  University, 
New  York  City,  explained  that,  be¬ 
cause  of  the  necessarily  thick  shield¬ 
ing  to  confine  harmful  radiation 
within  the  atomic  boiler,  power 
plants  would  be  too  heavy  for  all  but 
stationary  locations  although  the  re¬ 
duced  bunker  requirements  might 
enable  atomic  prime  movers  to  be 
carried  on  the  largest  battle  ships 
giving  them  a  virtually  unlimited 
range.  Reactions  within  atomic  boil¬ 
ers  are  self  regulating;  any  desired 
temperature  can  be  produced  and 
maintained. 

During  his  lecture  Dr.  Dunning 
demonstrated  detection  and  record¬ 
ing  of  actual  atom  splitting,  and 
showed  that  water  acts  to  decelerate 
neutrons  to  their  resonant  velocity, 
thereby  increasing  their  effective¬ 
ness  in  splitting  atoms. 

Addressing  a  combined  meeting  of 
the  AIEE  with  the  IRE,  L.  R. 
Groves,  Maj.  Gen.  in  charge  of  the 
Manhattan  Project,  said  that  the  ex¬ 
pense  of  developing  the  atomic  bomb 
was  only  slightly  greater  than  a  week 
of  modern  warfare.  Because  of  the 
uncertainty  of  obtaining  usable  re¬ 
sults,  the  tactical  command  proceeded 
on  the  assumption  that  the  atomic 
bomb  would  not  be  available.  The 
atomic  bomb  proj^t  used  90,000 
electron  tubes. 

During  the  AIEE  symposium  on 
nuclear  energy  at  which  K  K.  Dar- 
row.  Bell  Telephone  Labs.,  Inc.,  C.  G. 
Suits,  General  Electric  Co.,  J.  A. 
Hutcheson,  Westinghouse  Electric 
Corp.,  and  P.  W.  Swain,  McGraw-Hill 
Publishing  Co.,  spoke,  it  was  pointed 
out  that  present  high  cost  of  produc¬ 
ing  nuclear  energy  prohibits  its  im- 


Slmplill«d  to  tho  oxtont  that  on*  mon  in  tho  pilot  houso  can  oporoto  it,  war  dovolopod 
radar  opons  now  irontiors  in  maritimo  soioty  cmd  indopondonco  from  woothor 
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PACKAGED  R.  F.  RADAR  ASSEMBLY 
ELIMINATES  DESIGN  HEADACHES 


The  DeMornay-Budd  packaged  R.  F.  Unit  provides  a 
complete  R.  F.  assembly  for  microwave  radar.  It  is  now 
possible  to  obtain  as  standard  items  all  the  microwave 
R.  F.  components  necessary  in  the  fabrication  of  a  com¬ 
plete  radar -DeMornay-Budd  Standard  Transmission 
Line  Components  plus  packaged  R.  F.  Unit. 


The  R.  F.  Radar  Unit  is  delivered  complete  and  ready 
to  operate.  It  is  wired  and  contains  all  the  necessary 
tubes  and  crystals.  The  unit  uses  a  packaged  magnetron 
capable  of  delivering  20  kw.,  peak  power,  at  9375  me. 
Two  type  2K25  local  oscillator  tubes  are  provided,  one 
for  receiver  and  A.F.C.  and  the  other  for  beacon  opera¬ 
tion.  A  type  1B35  A-T-R  tube,  a  type  1B24  T-R  tube  and 
the  necessary  type  1N21  crystals  are  included  in  the  as¬ 
sembly.  A  20  db.  directional  coupler  permits  accurate 
measurements  to  be  made  at  any  time  with  a  maximum 
of  convenience  and  safety. 


Sihee  the  use  of  radar  beacons  is  contemplated  in  the 
near  future,  the  unit  has  been  designed  with  a  beacon 
cavity  and  crystal  mount.  The  unit  can  be  supplied  with¬ 
out  the  beacon  cavity  and  crystal  mount  and  beacon  local 
oscillator,  and  a  termination  supplied  in  their  place  so 
that  it  becomes  a  simple  matter  to  convert  to  beacon 
operation  when  necessary. 


We  offer  complete  laboratory  research  facilities  and  have  avail¬ 
able  such  production  test  equipment  as:  Standing  Wave  Detectors, 
Calibrated  Attenuators,  Slug  Tuners,  Power  Supplies,  Square 
Wave  Modulators,  in  addition  to  transmission  line  components 
shown  in  diagram  above.  Write  for  information  or  catalog. 
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R.  F.  Radar  unit  #412  (indicated  by 
asterisk)  used  in  conjunction  with 
standard  peMomoy-Budd  transmis¬ 
sion  line  components. 
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mediate  constructive  use.  In  area& 
where  other  fuels  are  scarce,  such  as 
Australia,  atomic  energy  will  first 
be  harnessed  for  power  generation. 
Based  on  present  knowledge,  small 
power  units  for  automobiles,  homes, 
and  airplanes  are  not  feasible.  To 
support  long-range  development, 
much  fundamental  research  in  nu¬ 
clear  physics  is  necessary.  The  de¬ 
velopment  of  the  atomic  bomb  ex¬ 
hausted  our  surplus  of  fundamental 
knowledge.  The  only  new  fact 
learned  was  the  discovery  of  nuclear 
fission  in  1939.  Fission,  distin¬ 
guished  from  radioactivity,  occurs 
in  sereval  relatively  abundant  ele¬ 
ments  making  nuclear  energy  mar¬ 
ginally  economically  available. 

Most  solid  fuel  consumed  in  this 
country  produces  low  pressure,  low 
temperature  industrial  steam.  It  is 
in  this  held  rather  than  in  power 
generation  that  atomic  energy  can 
best  be  applied.  The  limiting  eco¬ 
nomic  factor  in  electric  power  is 
transmission.  Nuclear  energy  is 
most  usable  in  large  power  generat¬ 
ing  stations;  therefore  it  is  not  an 
immediate  competitor  for  coal  be¬ 
cause  of  the  technical  difficulties  and 
high  initial  cost  of  electrical  power 
distribution. 

Of  particular  importance  are  the 
applications  of  nuclear  fission  in  the 
fields  of  medicine,  chemistry,  and  for 
penetrating  further  into  funda¬ 
mental  knowledge  of  matter  from 
which  other  sciences  can  build. 


Demonstrations 


Displays  of  wartime  developments 
and  field  trips  to  plants  indicated 
new  frontiers  in  a  tangible  form. 
Greatest  interest  was  shown  in  a  dial 
radiophone  for  automobiles  demon¬ 
strated  by  engineers  of  the  Fred  M. 
Link  Corp.,  New  York.  Operation  is 
on  the  experimental  162-162-mc 
band.  Dialing  on  a  standard  Western 
Electric  dial  phone  selectively  calls 
other  cars  or  a  tie-in  station  to  line 
subscribers.  Communication  over 
the  f-m  radio  link  was  maintained 
between  engineers  at  the  DuMont 
Laboratories  on  Madison  Ave.  and 
a  moving  car. 


Awards 

The  Edison  Medal,  awarded  annu¬ 
ally  to  the  individual  contributing 
most  significantly  to  economic  and 
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The  answers 'are  all  here  in  this  new  fact-packed  book  by 
Westinghouse  . . .  including  full-color  illustrations  and 
case  histories  of  induction  and  dielectric  heating . . .  brazing 
annealing,  hardening,  soldering,  plastic  molding,  rubbei 
curing,  plywood  bonding.  Write  today  for  your  copy  on  youj 
business  letterhead,  please.  Ask  for  B-3620.  Westinghous< 
Electric  Corporation,  P.  O.  Box  868,  Pittsburgh  30.  Penna 
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dependable  power  generation  and 
transmission,  was  presented  for  1945 
to  Philip  Sporn,  American  Gas  & 
Electric  Corp.,  by  W.  E.  Wickenden, 
president,,  on  behalf  of  the  AIEE. 
W.  H.  Harrison,  American  Telephone 
&  Telegraph  Co.,  received  the 
Hoover  Medal  for  1946.  This  medal, 
awarded  by  the  national  civil,  min¬ 
ing,  mechanical,  and  electrical  engi¬ 
neering  societies,  takes  its  name 
from  its  first  medalist,  and  is  given 
to  a  fellow  engineer  for  distin¬ 
guished  public  service.  S.  F.  Voor- 
hees.  New  York  architect,  made  the 
award  on  behalf  of  the  participating 
societies  at  a  combined  meeting  of 
the  AIEE  with  the  IRE. 


Communication 

Electronic  Regeneration 


Oar  wartime  experience  developing 
end  producing  moisture-mildew  proof¬ 
ing  compounds  for  oil  services  has 
equipped  INSL-X  with  the  "know-how" 
to  solve  ony  problem  in  this  field. 


Teleprinter  Signals 


By  H.  F.  Wilder 

Western  Union  Telegraph  Co. 

New  York,  N.  Y. 

Differences  in  transmission  veloc¬ 
ities  over  wire  lines  of  the  harmonic 
components  of  rectangular  tele¬ 
printer  pulses  and  presence  of  noise 
result  in  deterioration  of  the  signal 
after  transmission  over  long  dis¬ 
tances.  To  restore  the  sharpness  of 
the  impulses  and  provide  a  gate  to 
noise,  a  regeneration  repeater  is  in¬ 
troduced  in  the  line. 

To  accomplish  the  function  of  a 
signal  regenerator  electronically,  a 
timing  gate  is  used.  The  arrival  of 
the  start  signal  in  the  series  of  im¬ 
pulses  of  a  teleprinter  character  trips 
a  relay  which  sends  an  impulse  down 
a  lumped,  timing  network.  The  pro¬ 
gression  of  this  timing- impulse  down 
the  relay  line  activates  a  tube  at  the 
times  there  should  be  polarity  re¬ 
versals  of  the  signal.  Thus  this  tube 
only  accepts  signal  reversals  at  the 
instants  they  should  occur.  In  this 
way  the  signal  is  restored  to  its 
original  sharpness,  and  noise  is  re¬ 
jected. 


We  have  on  hand  at  ail  times,  the 
materials  to  render  immediote  ser¬ 
vice.  Locquer,  wax  or  varnish  with 
any  fungicide  alone  or  in  combination 
with  onother.  Any  quantity-~put  up 
in  ony  site  containers. 


When  commercial  or  military  re¬ 
quirements  call  for  moisture-mildew 
proofing,  check  with  INSL-Xl 
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Tunable  Rejection  Filter 
By  R.  C.  Taylor 

Western  Union  Telegraph  Co. 

New  York,  N.  Y. 

In  communications  it  is  frequently 
necessary  to  reject  a  narrow  fre¬ 
quency  band.  To  do  this  a  bridge  is 
used:  each  arm  is  resonant  at  the 
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”TO  ATTAIN 

STIU  HIGHER  STANDARDS  OF  SERVICE...” 

"An  asset  in  which  the  Nickel  Plate  Road  takes  great  pride  is  the  high  standard 
of  service  which  it  renders  to  the  shipping  public.  With  its  record  for  outstanding 
performance  during  the  war  years  hack  of  it,  the  Nickel  Plate  is  looking  forward 
to  the  utilization  of  new  technological  developments,  such  as  radio  and  teletype, 
in  order  to  attain  still  higher  standards  of  service  and  usefulness.” 


To  fulfill  completely  its  promise  of  increased  rail 
efficiency,  railroad  radio  equipment  must  be  so  de¬ 
signed  that  individual  system  units,  such  as  trans¬ 
mitters,  receivers,  power  supplies,  and  remote  control 
units,  will  be  readily  accessible  for  inspection  and 
quickly  removable  for  service,  replacement,  or  re¬ 
location. 

Realizing  the  importance  of  these  requirements,  the 
Farnsworth  Mobile  Communications  Division  has  en¬ 
gineered  its  railway  communications  equipment  on  the 
bases  of  standardized  design  and  unitized  construction. 

Practical  results  from  the  application  of  these  two 
engineering  principles  include  the  facts  that— 

(1)  The  basic  components  of  Farnsworth  systems, 
whether  of  space-radiating  or  inductive  type,  are 
sqmrate  units,  which  can  be  quickly  disassociated  from 
a  system,  either  for  maintenance  or  relocation. 

FARNSWORTH 


(2)  The  same  receiver,  transmitter,  or  remote  control 
unit  is  usable  for  wayside,  mobile,  or  relay  installations, 
thus  providing  complete  interchangeability  of  basic 
equipment  throughout  any  Farnsworth  communica¬ 
tions  system. 

(3)  Space-radio  and  inductive  type  Farnsworth  units 
can  be  interchanged,  whether  a  part  of  mobile  or  sta¬ 
tionary  installations,  and  can  be  readily  utilized  in 
combination  to  meet  varying  railway  operating  condi¬ 
tions  and  requirements. 

These  are  a  few  of  the  many  engineering  features 
incorporated  in  Farnsworth  railway  communications 
equipments  to  guarantee  maximum  availability  and 
flexibility  with  simplified,  low-cost  maintenance. 
Farnsworth  Television  &  Radio  Corporation,  Dept. 
E-4,  Fort  Wayne  1,  Indiana. 

TELEVISION  & 

RADIO  CORPORATION 


Farnsworth  Radio  and  Tolovision  Rocoivort  and  Tranamittors  *  Aircraft  Radio  Equipmont  •  Farnsworth  Tolovisien  Tubos  *  Halstoad  Mobil* 
Communications  and  Traffic  Control  Systoms  for  Rail  and  Highway  •  th*  Farnsworth  Phonograph  Radio  •  th*  Capohart  •  tho  Panamuso  by  Capohort 
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The  above  graph  shows  an  actual  test  plot  of  the 
vertical  patterns  of  the  new  Workshop  antenna  and 
a  conventional  half-wave  dipole.  Note  that  the  power  patent  applied  por 

output  along  the  horizon  is  approximately  2  times  the  power  output  of  the  dipole. 
Exhaustive  field  tests  under  actual  operating  conditions  even  have  shown  power 
gains  over  4  times  that  of  the  dipole. 
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A  New 
BEACON 
ANTENNA 

At  the  instigation  of  Link  Radio  of  New 
York,  the  Workshop  has  recently  developed 
a  new  antenna  for  their  main  station  police 
radio  transmitting  and  receiving  on  the  new 
152-162  me  band.  Essentially,  it  is  4  coUin- 
ear  coaxial  beacon,  vertically  polarized, 
and  entirely  enclosed  in  a  non-metallic  pres¬ 
surized  housing.  The  pattern  has  been  flat¬ 
tened  out  to  give  high  gain  in  comparison  to 
an  ordinary  dipole.  This  means  much 
greater  coverage  with  the  same  power  input. 


This  new  antenna  is  an  example  of  Workshop  specialization  in 
antenna  manufacture.  If  you  have  an  antenna  problem  in  the 
high-frequency  spectrum  —  from  40  me  up  —  you  will  find  our 
exceptional  design,  measurement  and  test  facilities  well  adapted 
to  a  solution  of  your  problem.  Write  or  phone  the  details. 


THE  WORKSHOP  ASSOCIATES 

INCORPORATED 

Specialists  in  High~Frequency  Antennas 

U  NIIDHAM  STREIT.  NEWTON  HIOHUNDS  41.  MASS. 


rejection  frequency  and  the  resonant 
dissipations  in  the  arms  are  equal, 
therefore  the  bridge  is  balanced  and 
does  not  pass  that  frequency. 

An  analysis  made  of  the  filter 
using  circle  diagrams  shows  that  the 


Basic  Wheatstone  bridge  reiection  filler 
eliminates  pilot  frequencies  from  carrier 
conununicotion  and  telemetering  circuits 


Q  of  the  inductors  determines  the 
narrowness  of  the  rejection  band. 
Two  rejection  filters  in  tandem  tuned 
to  slightly  different  frequencies  can 
be  used  to  reject  a  wider  band  than 
one  alone.  This  practice  preserves 
the  sharpness  of  the  rejection  band. 

Inertia  Throat  Microphones 
By  L.  G.  Pacent 

Pacent  Engineering  Corp. 

New  York,  N.  Y. 

and  E.  H.  Greibach 

Bonotone  Corp. 

Blmejord,  N.  Y. 

Communication  from  such  noisy 
locations  as  airplanes  and  machine 
shops  can  be  made  using  throat 
microphones.  These  units  pick  up 
the  vibrations  of  the  larynx  trans¬ 
mitted  directly  through  the  throat 
walls  rather  than  the  atmospheric 
vibrations.  Thus  they  respond  to 
speaking  but  are  relatively  insensi¬ 
tive  to  air-borne  noise. 

The  throat  vibrations  of  speech 
are  weak  in  overtones.  To  compen¬ 
sate  for  this,  a  rapidly  rising  re¬ 
sponse  characteristic  is  required  of 
the  magnetic  inertia  microphone. 
This  requirement  necessitates  set¬ 
ting  the  resonant  frequency  in  the 
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^rague  engineering  leadership  extends  to 
Mtca,  Dry  Electrolytic  and  countless  Paper 
l^electnc  Capacitor  types  in  addition  to 
Aose  Illustrated  above.  Sprague  engineers 
elcome  the  opportunity  to  make  recommen- 
daoons  based  on  your  specific  requirements. 


RECENT  CAPACITOR  TYPES 

"KtUMAittA 

irship  extends  to 
countless  Paper 
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vicinity  of  three  to  four  kilocycles. 
Although  so  high  a  resonant  fre¬ 
quency  improves  intelligibility  of 
the  microphone  signal,  it  decreases 
the  output.  For  sound  powered  com¬ 


munication  systems,  high  output 
from  the  microphone  is  necessary. 
This  requirement  can  be  met  by  in¬ 
troducing  a  second  resonant  fre¬ 
quency  in  the  vicinity  of  one  kilo¬ 
cycle. 


100  KXX)  3000  6000 

frequency  in  cycles  per  second 


CuTTM  A  and  B  show  rasponsn  lor  tinglt 
and  doublo  resonant  units  rospectirely. 
cunrs  C  shows  ofioct  of  damping  ths 
double  resonant  microphone  to  improvs 
quality 


utee%4 


MOTORS 


GENERATORS 


MAGNETOS 


REMOTE 


INOICATORS 


dHcuid  ayH^cde/i 
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These  Permanent  Magnets  are  representative  of  some  that 
have  been  designed  for  Motors,  Generators,  and  allied 
equipment.  If  you  have  not  used  Permanent  Magnets  for 
these  applications  .  .  .  consult  us  for  engineering  advice. 


Write  foB  Technical  Bulletin —“Permanent  Magnets  for  Industry,"' 
contoining  valuable  data  on  design,  production  characteristics 
and  applications  of  Permanent  Magnets. 

The  Arnold  fnoineering  roMPANV 

subsidiary  of  ALLEGHENY  LUDLUM  STEEL  CORPORATION 

147  EASt"oNTARIO  STREET,  CHICAGO  11,  ILLINOIS 

V*  Specialifis  in  Ihe  Manufaelure  of 

^  ALNICO  PERMANENT  MAGNETS 


Objective  Testing  of 
Throat  Microphones 

By  E.  H.  Greibach 

Bonotone  Corp. 

Elmsford,  X.  Y. 

Laboratory  testing  of  throat  micro¬ 
phones  and  bone  conduction  ear¬ 
phones  requires  a  counterpart  of  the 
human  organ  under  study.  In  both 
cases  the  transmission  characteristic 
of  the  skin  layer  enters  into  the 
unit,  therefore  a  single  unit  can  be 
used  in  testing  either  element.  The 
artificial  throat  is  essentially  a  dy¬ 
namic  loudspeaker,  but  has  masses, 
springs,  and  pads  to  produce  the 
required  impedance  vs  frequency 
characteristic.  Viscoloid  pads  have 
given  a  fair  approach  to  the  loss  com¬ 
ponent  of  the  skin,  but  it  is  difficult 
to  simulate  both  skin  stiffness  and 
resistance  by  even  a  combination  of 
pads. 

In  operation  the  driving  coil  is  fed 
from  a  resistance-capacitance  net¬ 
work  to  produce  uniform  velocity  of 
the  testing  platform  over  the  fre¬ 
quency  range.  The  filter  pad  is 
placed  on  the  platform  and  then  the 
throat  microphone.  In  this  way  the 
microphone  sees  a  simulation  of  the 
impedance  looking  through  the  skin 
into  the  throat.  By  driving  the  plat- 


I 
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i  tntormesh  treatment  with  various 
types  of  plastics,  starch,  etc,  to 
produce  o  natural  doth  finish  with  ^ 
vorious  properties  sudt  as— tough-  § 

I  ness,  evasion,  resistance,  fle«  / 
i  strength,  grease  and  oH  impemie-  / 
lobilHy,  dinnensionai  stability,  etc  / 


l,|rpitlment  wdlh  vori- 
to  give  bude 
stSbmu,  tramparency, 
to  moistute,  mildew, 
!,‘  diemioal  actions,  etc, 
■doth  surface  oppear- 


Surface  treatment  on  a  doth  struc¬ 
ture  to  meet  a  great  variety  of 
functional  and  decorative  uses. 


the  HOLLISTON  mills,  INC.,  NORWOOD,  MASSACHUSETTS 
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FRANKLIN  FI BRE-LAM ITEX  CORP 


FRANKLIN  LAMITEX 

(LAMINATED  BAKELITE) 

is  so  versatile! 


AIEE  CONVENTION  (eontinuBd) 

form  with  a  receiver  and  measuring 
the  current  generated  in  the  driving 
coil  the  unit  can  be  used  as  an  arti¬ 
ficial  mastoid. 


Sound  Recording 

Wire  Recording 

By  D.  W.  PUGSLEY 

General  Electric  Co. 

Schenectady,  N.  Y. 

Possible  uses  of  wire  recording  in¬ 
clude  that  for  the  home,  commercial 
and  public  announcements  at  broad¬ 
cast  stations,  pocket  recorders,  and 
recording  in  such  vibrating  locations 
as  cars,  trains,  and  aircraft  The 
long,  continuous  records  which  can 
be  made  recommend  wire  for  record¬ 
ing  teleplione  conversations,  air  and 
rail  traffic  messages,  and  recording 
for  students,  the  blind,  and  the  sick. 

At  the  present  stage  of  the  art, 
satisfactory  frequency  response  can 
be  obtained  at  two  feet  per  minute, 
with  a  40-db  d3mamic  range,  and 
three  percent  total  harmonic  distor¬ 
tion.  Recording,  splicing,  dubbing, 
and  erasing  are  easy.  Noise  is  40  db 
below  signal;  there  is  freedom  from 
interference  from  external  vibration. 
Records  can  be  played  back  many 
times,  require  small  storage  space, 
and  are  not  easily  damaged. 

However,  driving  the  record  and 
loading  the  magazine  are  difficult. 
The  blank  is  expensive.  Because  of 
the  difficult  and  lengthy  production 
of  recordings  on  wire  commercially 
produced  recordings  in  quantity  are 
unlikely. 


Pictured  below  just  a  few  ol  the  many  thousand  various 
ports  we  at  FRANKLIN  FIBRE-LAMITEX  have  furnished 
completely  machined  to  exacting  specifications  for 
countless  uses. 


SHEETS.  RODS  and  TUBES, 
FABRICATED  OR  MOLDED  PARTS 


FRANKLIN  LAMITEX  and  VULCANIZED  FIBRE  are 
highly  machineable.  We  will  machine  parts  if  you 
lack  facilities — or  furnish  sheets,  rods,  and  tubes.  Both 
LAMITEX  and  FRANKLIN  FIBRE  can  be  drilled,  tapped, 
turned,  threaded,  punched,  shaved,  bored,  reamed, 
sowed,  milled  or  completely  fabricated  into  automatic 
screw  machine  parts. 

Check  these  FRANKLIN  LAMITEX  characteristics 

High  dielectric  strength 
Low  power  foctor 
Low  moisture  absorption 
Remorkoble  dimensional  stability 
High  mochonicol  strength 
Low  ce-olficiont  of  thermal  exponsion 
Low  in  weight  fobont  holf  that  of  aluminum) 
Unaffected  by  solvents  and  oils 
Unoffoctod  by  most  organic  adds, 
dilute  mineral  acids  or  solt  solutions 


Wire  Recorder  Head  Design 
By  T.  H.  Long 

(7.  Q.  Conn,  Ltd. 

Elkhart,  Ind. 

Tests  on  heads  through  which  the 
magnetic  wire  runs  in  a  groove 
showed  that  the  accumulation  of 
magnetic  mud  in  the  gap  lowered  the 
response  to  6,000  cps  by  16  db  at  a 
wire  speed  of  two  feet  per  second. 
Low  frequencies  were  less  effected. 
Also  lifting  of  the  wire  slightly  from 
the  bottom  of  the  groove  reduced  the 
output  8  db  at  6,000  cps,  although  it 
did  not  affect  the  low  frequency  out¬ 
put.  In  addition  to  these  practical 
defects,  there  is  the  theoretical  mag¬ 
netic  defect  that  flux  penetration  is 
less  for  a  curved  surface  than  for 
a  flat  one. 

•An  improved  head  design  was  de- 


SIND  FOR  CATALOG  CONTAINING  COMPLETE  DATA. 
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Federated  Metals  Division,  American  Smelting  and  Re¬ 
fining  Company,  is  happy  to  announce  that  as  of  Feb¬ 
ruary  1,  1946,  it  has  completed  arrangements  with  ^the 
Gardiner  Metal  Company  of  Chicago  to  produce  and 
market  the  entire  line  of  Gardiner  extruded  solder. 


THESE  INCLUDE: 

SOLID  WIRE 
ACID  CORE 
ROSIN  CORE 
RIBBON 

EXTRUDED  BODY  SOLDER 


V 


As  a  result  of  this  arrangement.  Federated's  capacity 
to  produce  extruded  solders  has  been  broadened. 
This  means  a  further  improvement  in  service  for 
Federated  customers.  The.  combined  facilities  and 
experience  make  available  to  extruded  solder 
users  everyvrhere,  a  fund  of  knowledge  and  quality 
of  service  second  to  none.  These  advantages,  plus 
precise  metallurgical  control,  assure  buyers  of  uni¬ 
form,  high  quality  extruded  solders. 

Federated  Metals  Division 
American  Smelting  and  Refining  Co. 

120  Broadway,  New  York  5,  N.  Y. 

Nation-wide  service  with  offices 
in  principal  cities 


aluminum  .  BRASS  •  BRONZE  •  BABBITT  •  SOLDER  •  TYPE  METAL  .  DIE  CASTING  ALLOYS  •  ZINC  DUST 
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Haydoneered  Timing  will  provide 


FM',  -"5 

the  heartbeat  for  tomorrow's  indus¬ 

1 

••• 

try.  New  timing  devices— now  meas¬ 

1/ 

uring  and  motivating  thousands  of 

t 

functions  in  war  plants  all  over  the 

country — will  find  even  greater 


scope  in  the  flood  of  peacetime  pro- 
duction  to  come. 
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If  you  are  planning  a  postwar .  pro¬ 
duct  with  movement  requiring  regu¬ 
lation,  let  Haydon  Engineers  lend 
you  a  hand./ 

AC  TIMING  MOTOR 


AvaUable  450  RPM  to  I  REV. 
per  month:  manufactured  to 
your  speciRc  voltage,  frequency, 
speed  and  torque  requirements. 

1  r  1 

HAYDONEERED  TIMING 

•Havdon 


MANUrACTVRINC  COMPANY 
•  INCORPORATED  • 


QoMHMciieui 

WRITE  TODAY  FOR  CATALOG 
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veloped  after  observing  that  the  play- 
back  response  was  8  db  higher  when 
the  wire  was  running  across  the  top 
of  the  lamination  than  when  it  was 
at  the  bottom  of  the  groove.  The  new 
head  with  either  ppen  or  closed  wind¬ 
ing  duplicates  the  performance  of 
conventional  closed  winding  types  if 
stainless  steel  wire  having  a  coercive 
force  of  about  176  oersteds  and  usual 
retentivity  is  used. 

By  lengthening  the  gap  to  about 


Experimental  model  of  open  head.  Level 
winding  technique,  eaie  of  cleaning,  and 
greater  high  frequency  response  are  ob¬ 
tained 

half  an  inch,  level  winding  can  be 
used.  The  record  is  played  back  and 
forth  along  the  gap,  distributing 
wear  and  helping  to  keep  the  surface 
clean.  It  was  found  desirable  to  dll 
the  gap  with  hardened  beryllium 
copper  to  prevent  undercutting  of 
the  gap  material  and  eventual  shunt¬ 
ing  of  the  gap  by  magnetic  mud. 

B~H  Tracer 

By  T.  H.  Long  and  G.  D.  McMullen 

C.  Q.  Conn,  Ltd. 

Elkhart,  Ind. 

Magnetoscope  measurements  show 
that  variations  of  coercive  force  over 
the  length  of  record  wire  are  suffi¬ 
cient  to  produce  several  decibels  vari¬ 
ation  in  the  low-frequency  playback. 
Changes  in  wire  tension  were  ob¬ 
served  to  produce  appreciable  instan¬ 
taneous  changes  in  coercive  force  and 
retentivity. 

The  instrument  used  for  these 
measurements  consisted  of  a  mag¬ 
netizing  coil  capable  of  1,600  ampere 
turns  per  inch,  although  some  wires 
will  require  more  than  2,600  ampere 
turns  per  inch  for  saturation.  A  bal¬ 
ance  coil  was  used  to  exclude  the 
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No  electrical  equipment  can  be  any  better  than  its  insulation 


This  varnish  was  chosen 
to  meet  the  exacting  in¬ 
sulation  requirements  on 
transformers  for  aircraft 
electric  power  .... 


. . .  and  the  same  varnish 
can  protect  a  fluorescent 
ballast  with  long-lived, 
heat-resisting  insulation. 


General  Electric  is  one  of  the  world’s  largest  and  most 
experienced  manufacturers  of  insulating  varnishes.  The 
capacity  to  produce  millions  of  gallons  for  myriad  war 
applications  and  45  years  of  experience  in  varnish  re¬ 
search  and  manufacture  are  now  available  to  peace  industry. 
Strict  G-E  Quality  Control  assures  uniformity  of  product 
in  every  shipment  of  G-E  Insulating  Varnishes.  For  details 
consult  your  local  General  Electric  Merchandise  Distribu¬ 
tor.  Or  write  direct  to  Section  RIMA-4614,  Resin  and 
Insulation  Materials  Division,  Chemical  Department, 
General  Electric  Company,  Schenectady  5,  New  York. 


GENERAL 


ELECTRIC 
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influence  of  air  flux  from  the  meas¬ 
urements.  The  detector  coil  was 
centered  in  the  magnetizing  coil 
where  nearly  uniform  flux  can  be 
expected. 

A  magnetizing  frequency  of  200 
cps  was  used.  The  amplifier  was  de¬ 
signed  to  have  wide  frequency  re¬ 
sponse  and  negligible  phase  shift  be¬ 
cause  of  the  necessity  of  reproducing 
the  irregular  B-H  curve.  The  time 
constant  of  the  integrating  circuit 
was  100  times  the  half  period  of  the 
fundamental  frequency.  Hum  buck¬ 
ing  as  well  as  complete  filtering  was 
necessary  in  the  power  supply  to 
eliminate  power  frequency  disturb¬ 
ances  in  the  trace.  The  B-H  curve 
was  reproduced  on  a  conventional 
oscilloscope. 


Magnetic  Tape  Signal  and  Noise 


This  is  the  invariable  first  reaction  of  engineers  and  consumers  when  meet¬ 
ing  Marion  Gloss-to-Metal  Truly  Hermetically  Sealed  Instruments  iace*to- 
face.  Let  us  begin  by  saying  that  zero  adjusters  correct  for  mechanical 
changes  in  on  instrument  caused  by  drift  of  the  hair  springs,  ageing  of 
the  moving  system,  and  ore  often  used  to  correct  (but  incorrectly)  errors 
brought  about  by  unbalance  of  the  moving  system.  Marion  "hermetics" 
eliminate  the  need  for  ^ero  adjustment  for  the  following  reasons: 

Diilt'IrM  Springs:  Marion  "hermetics"  use  special  silvered  beryllium 
copper  hair  springs  which  ore  essentially  drift-free.  And  the  instruments 
as  a  whole  are  thoroughly  aged  at  170**  to  180^  F  for  at  least  48  hours, 
assuring  permanent  "set"  to  the  components  of  the  moving  system.  These 
factors  permit  overloads  for  in  excess  of  normal  spedfications,  without 
permanent  zero  shift  of  the  instrument. 

''Apologist  fos  Cnor":  When  a  panel  instrument  is  overloaded  and  its 
pointer  is  slammed,  re-setting  with  the  zero  adjuster  does  not  correct  the 
error  caused  by  the  unbalance  of  the  moving  system.  It  only  apparently 
corrects  this  error,  and  conceals  its  magnitude.  Slammed  instruments  should 
be  repaired  or  replaced  if  stated  accuracy  is  to  be  maintained,  and  not  just 
covered  up  by  that  apologist  hr  error,  the  zero  adjuster. 

ladopondoat  Tosts ...  by  private  and  governmental  laboratories  in  the 
United  States  and  Canada  prove  that  Marion  "hermetics"  sustain  zero 
setting  under  severe  and  continuous  shock,  vibration,  temperature  and 
humidity  cycling.  Maximum  permanent  zero  shift  recorded  on  any  "her¬ 
metic"  by  any  Icdborotory  has  been  Vz  of  1%  after  completion  of  any  and 
all  combinations  of  the  foregoing  tests. 

Marion  OlaMM^to^Motai  TmiyHormoiieaUySoatod' 
and  31A"  Eioeirieat  Mndicaiing  InMirumanir, 

Write  for  I2‘page  brochure 


MARION  ELECTRICAL  INSTRUMENT  CO. 

MANCHfcSTtH  HAMPSHIRE: 


EXPORT  C'v'SiO^v 


4S6  BROADWAY  •  NEW  YORK  I)  N  Y  USA 
CABLES  mORhANEY 


By  D.  E.  Wooldridge 

Bell  Telephone  Lab».,  Inc. 

New  York,  N.  Y. 

Theoretical  analysis  of  perpen¬ 
dicular  recording  on  tape,  made  to 
determine  what  properties  of  tape 
and  associated  magnetic  elements  af¬ 
fect  noise  and  signal  output  levels, 
indicate  methods  of  decreasing  noise 
and  increasing  signal. 

Although  magnetic  theory  is  still 
insufficient  to  correlate  tape  noise 
with  any  measurable  magnetic  prop¬ 
erty,  it  can  be  said  in  general  that 
noise  is  less  in  demagnetized  tape 
than  in  saturated  tape.  High  signal 
to  noise  level  should  be  produced  by 
tapes  having  high  coercive  forces.  To 
meet  this  requirement,  vicalloy  tape 
having  a  coercive  force  of  200  to 


IR  CRRADA:  fHE  ASTtRl  CIECYRIC  COMPARV,  SCAtBOlO  BLBFFS,  OMTAIlB 


Using  vicalloy  top*  porpondienlorlr  nog* 
nottsod  ond  offsot  polo  piocos,  tho  dwroc* 
toristic  of  curvo  A  was  obtcrinod.  Corvs  B 
shows  choractorlstfc  of  old  unit  for  cob* 
porison 
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lighter  tubes  in  over-all  set  design 
needs  no  amplification.  * 

The  TUNG-SOL  engineers  who 
developed  TUNG-SOL  Miniatures 
are  at  the  service  of  radio  set  and 
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more  efficient 
. . .  in  miniature 


TUNG-SOL  LAMP  WORKS,  INC.,  NEWARK  4,  NEW  JERSEY 

Sales  Offices:  Atlanta  •  Chicago  •  Dallas  •  Denver  •  Detroit  •  Los  Angeles  *•  New  York 
Also  Manufacturers  of  Miniature  Incandescent  LampSj  All-Glass  Sealed  Beam  Headlight  Lamps  and  Current  Intermittors 


TUNG-SOL 


At  the  press  of  a  button,  the  modern  fire  siren 
screams  its  warning  for  miles.  In  contrast,  it  took 
a  husky  man  to  strike  an  iron  tire  hard  enough, 
with  a  heavy  sledge,  to  sound  an  alarm  even  over  a 
comparatively  small  area.  Greater  efficiency  in 
miniature  is  as  evident  in  the  fire  alarm  as  it  is  in 
the  Electronic  Tube. 

TUNG-SOL  Miniature  Tubes  are  more  imper¬ 
vious  to  the  effects  of  shock  and  vibration  as  they 
are  constructed  with  smaller,  lighter  parts.  The 
glass  button  base  has  better  dielectric  properties 
than  the  old  style  bases.  Lower  lead  inductance, 
lower  inter-element  capacities,  and  higher  mutual 
conductance  are  characteristics  of  TUNG-SOL 
Miniatures  that  assure  superior  performance  in 
high  frequency  currents.  The  advantages  of  smaller 


other  electronic  equipment  manu-  actual  size 
facturers.  They  will  be  glad  to  aid 
in  using  Miniatures  to  the  best  advantage,  by  ad¬ 
vice  as  to  circuits  and  tube  selection.  Of  course 
such  consultation  is  held  in  strictest  confidence. 


Permoflux  Designs  Assure 
Faithful  Reproduction! 


Because  Permoflux  Speakers  excel  in  translating  the  tone 
capabilities  of  carefully  designed  circuits,  more  and  more 
of  the  country's  outstanding  radio  manufacturers  are  speci¬ 
fying  them  as  preferred  equipment.  Manufactured  in  a  full 
range  of  true-dimensioned  sizes  for  every  power  handling 
requirement,  Permoflux  Speakers  provide  the  answer  to 
today's  growing  demand  for  better  tone  quality. 


PERMOFLUX  CORPORATION 
4900  WEST  GRAND  AVE.,  CHICAGO  39,  ILL 
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250,  five  times  that  of  earlier  tapes, 
was  developed. 

Output  signal  level  is  limited 
largely  by  a  region  of  high  reluctance 
in  the  pole  piece  tips.  The  best  ma¬ 
terial  for  the  pole  pieces  is  already 
available,  molybdenum  permalloy.  By 
using  wider  pole  pieces  (0.041  inch 
by  0.040  inch),  offset  so  that  the 
leading  edge  of  one  is  opposite  the 
following  edge  of  the  other,  a  self- 
supporting  head  requiring  fewer 
turns  to  saturate  the  tape  and  giving 
greater  output  was  obtained.  A-c 
bias  is  both  quieter  and  capable  of 
giving  higher  level,  high  quality  re¬ 
cordings  than  other  forms  of  bias. 

Combining  these  improvements, 
high  quality  recordings  equalized 
from  100  to  8,000  cps  with  a  useful 
volume  range  of  50  db  at  a  tape  speed 
of  16  ips  were  obtained. 

Phonograph  Reproducer  Design 
By  W.  S.  Bachman 

General  Electric  Co. 

Bridgeport,  Conn. 

Strained  wire  resistance  reproducer 
design  is  carried  out.  The  tech¬ 
niques  of  analyzing  the  mechanical 
components  are  applicable  to  other 
reproducer  types.  Because  the  out¬ 
put  voltage  of  the  polarized  strained 
wire  is  proportional  to  its  displace¬ 
ment,  this  type  of  reproducer  is 
useful  in  measuring  recorded  fre¬ 
quency  characteristics.  A  variable 
reluctance  reproducer  having  low 
mechanical  impedance  by  virtue  of 
its  small  moving  mass  is  designed. 
Both  types  of  reproducer  have  the 
supporting  arm  resonance  damped 
by  the  suspension  compliance. 

Studying  Disk  Performance 
By  H.  E.  Roys 

RCA  Victor  Division 
Indianapolis,  Ind. 

Tools  and  tests  for  measuring  per¬ 
formance,  primarily  of  lacquer  re¬ 
cordings  and  pressings,  have  been 
advanced  to  assure  improvements  in 
record  fidelity.  Cutting  force  can 
readily  be  measured  by  replacing  the 
permanent  magnet  field  of  a  cutting 
head  by  an  a-c  field,  reorientating 
the  armature  assembly  to  respond  to 
tangential  rather  than  radial  forces, 
and  feeding  the  armature  coil  out¬ 
put  to  a  meter.  Measurements  using 
such  a  technique  indicate  the  self¬ 
regulating  effect  of  a  free  head 
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rigid  steel  plate  is  the 
foundation  of  a  GOOD  RHEOSTAT 


The  first  Ward  Leonard  Rheostats  were  built  with  a  steel 
plate  foundation.  Its  rigidity  protected  the.  insulating 
enamels,  proved  an  excellent  dissipater  of  heat  and  gave 
a  substantial  foundation  for  contacts,  terminals  and  con¬ 
trol  members.  Many  of  those  early  Rheostats  are  in 
active  service  today. 


While  the  present  day  Ward  Leonard  Plate  Type  Rheostats 
have  been  modernized,  made  even  smoother  in  action  and 


offer  many  more  steps  of  control  in  smaller  diameters, 
they  are  still  built  on  a  rigid  steel  plate  foundation. 


With  the  wide  range  of  types  and  sizes  of  Ward  Leonard 
Rheostats  you  will  find  the  one  to  meet  your  requirements— 
from  the  smallest  electronic  to  the  largest  industrial  ap¬ 
plication.  Send  for  Rheostat  Bulletins  today. 


Visit  our  booth  No.  100  at  the 

RADIO  PARTS  AND  ELECTRONIC  EQUIPMENT  SHOW 

STEVENS  HOTEL,  CHICAGO,  MAY  13  to  16 


I  I  1  i  1  I  L  k  I  I  1  i  1 


RELAYS  •  RESISTORS  •  RHEOSTATS 


Electric  control 


devices  since  1892 
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against  a  head  controlled  by  an  ad¬ 
vance  ball.  The  self-regulating  action 
of  the  floating  head  tends  to  main¬ 
tain  a  constant  recorded  signal  level. 
Effects  of  lacquer  hardness,  turn¬ 
table  drive,  and  cutter  bounce  can 
also  be  determined. 

Intefmodulation  measurements  of 
distortion,  which  give  closer  correla¬ 
tion  with  listener  tests  than  har¬ 
monic  distortion  measurements,  show 
the  effects  of  tip  radius  and  process¬ 
ing  of  pressings.  These  tests  are 
easier  to  apply  than  harmonic  tests 
because  shifting  of  phase  and  fre¬ 
quency  caused  by  turntable  flutter 
do  not  affect  the  results. 


If  you  could  pick  up  a  line  freshly 
inked  on  ArkWright  Tracing  Cloth, 
you’d  jee  your  preference.  Your  line 
retains  its  edge  and  doesn’t  go  flat  or 
"mushy”.  It  prints  like  a  taut  wire, 
even  re-inked  over  heavy  or  repeated 
erasures. 

Thi5  evenness  and  crispness  of 
line,  coupled  with  the  unusual  trans¬ 
parency  of  Arkwright  Cloths,  as¬ 
sures  contrasty,  easy-to-read  prints 
.  .  .  and  the  transparency  is  per¬ 


manent.  It  is  obtained  by  special 
mechanical  processing.  Arkwright 
Cloths  do  not  cloud  up  nor  become 
brittle  with  age,  because  no  surface 
oils  at  all  are  used. 

Want  a  treat?  Send  for  working 
sample.  Rule  lines.  Notice  how 
they  flow  on  evenly.  Erase.  Hold  up 
to  light  and  see  if  you  can  see  the 
markings  of  a  ghost.  You’ll  then 
have  a  real  preference.  Arkwright 
Finishing  Co.,  Providence,  R.  I. 


Sound  Recording  in  Business 

By  L.  D.  Norton 

Dictaphone  Corp. 

Bridgeport,  Conn. 

Improvements  in  electrical  record¬ 
ing  and  reproducing  techniques,  plus 
the  additional  facilities  available  if 
dictaphones  can  be  connected  to  elec¬ 
trical  speech  channels,  make  electri¬ 
cal  dictaphones  feasible.  To  compete 
with  the  acoustic  instrument  of 
proven  reliability  and  simplicity, 
electrical  dictaphones  must  be  equally 
simple  and  reliable  in  operation. 
From  a  critical  examination  of  re¬ 
quirements  for  business  recorders 
standards  were  proposed. 

Industrial  Electronics 

Development  of  Magnetrons 

By  W.  C.  Brown 

Raytheon  Mfg.  Vo. 

Waltham, 

Early  laboratory  magnetrons  oper¬ 
ated  at  relatively  low  frequencies,  at 
low  efficiencies,  and  delivered  low 


^  llEDUCE 
r  DISTORTION. 

PROVIDE  MORE  UNIFORM^ 

■v. 

TUBE  CHARACTERISTICS 
WITH  ANODES  OF 


ONE  OF  the  big  advantages  of  using  graphite  for 
anodes  is  the  high  thermal  emissivity  of  this 
remarkable  material.  Because  “National”  graphite 
is  almost  an  ideal  black  body,  it  is  a  nearly  perfect 
heat  radiator.  In  fact,  no  other  anode  material  even 
approaches  “National”  graphite  in  this  respect. 

This  means  that  anodes  of  “National”  graphite 
will  operate  at  lower  temperatures  for  a  given 
amount  of  energy  dissipated.  Thus,  all  tube  parts 
will  operate  at  a  lower  temperature,  resulting  in  less 
distortion  and  more  uniform  tube  characteristics. 

In  addition  to  this  important  property,  here  are 
others  that,  combined,  make  “National”  graphite  a 
most  valuable  anode  material:  High  electrical  and 
thermal  conductivity,  low  electron  emission,  ex¬ 
tremely  low  thermal  expansion,  and  no  melting 
point!  Furthermore,  graphite  can  be  machined  into 
intricate  shapes  to  very  close  tolerances. 


The  full  story  on  the  possibilities  of  graphite  for 
your  anodes  may  be  had  by  getting  in  touch  with 
National  Carbon  Company,  Inc. 

This  graph  shows  the  total  energy  radiation  from  gra¬ 
phite  and  other  anode  materials  in  watts  per  sq.  cm. 

JO  WATTS _ _ 


Total  Encrsv  Radiation  From  Vawous  Elcmints. 
Watts  Per  Squari  Centimeter  I  < 


General  Offices:  30  E.  42nd  St.,  New  York  17,  N.  Y. 
Division  Sales  Offices:  Atlanta,  Chicago,  Dallas, 
Kansas  City,  New  York,  Pittsburgh,  San  Francisco 


Unit  of  Union  Carbide  and  Carbon  Corporation 
The  word  "National”  is  a  registered  trade-mark 
of  National  Carbon  Company,  Inc. 
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power.  Recent,  rapid  development 
of  magnetrons  has  resulted  in  tubes 
delivering  megawatts  in  the  3,000 
megacycle  range  at  efficiencies  up  to 
fifty  percent.  In  the  10,000-mc  range, 
up  to  300  kw  are  developed. 

Except  for  the  power  supply,  the 
magnetron  is  a  complete  transmitter 
within  itself.  Development  of  the 
packaged  magnetron,  which  has  an 
attached  permanent  magnet,  has  re¬ 
duced  bulk  and  weight  of  the  magne¬ 
tron  to  the  point  where  it  is  a  simple, 
reliable  tool  for  electronic  engineers. 


Types  RT~12andRT-14 
(heavier) 


Hydrogen  Thyratron 

By  H.  H.  Heins 

Bj/lvania  Electric  Products,  Inc. 

Emporium,  Pa. 

Pulse  techniques  used  in  naviga¬ 
tional  equipment  such  as  radar, 
loran,  and  shoran,  and  in  communica¬ 
tion  systems  of  the  pulse  modulation 
types  require  rapid,  high  power  puls¬ 
ing.  The  hydrogen,  cold-cathode 
thyratron  was  designed  to  supply  the 
high  peak  currents  and  voltages 
necessary.  Because  of  the  short  de¬ 
ionization  time  of  hydrogen,  rapid 
switching  rates  are  possible.  Elec¬ 
trical  characteristics  are  little 
changed  by  a  wide  variation  of 
temperature. 

The  hydrogen  thyratron  can  be 
used  for  switching  capacitor  dis¬ 
charge  type  welding  circuits,  and  in 
place  of  spark  gaps  in  induction¬ 
heating  equipment. 


p  Th*r«’s  a  mX-TUIIE  Typ» 

to  Pit  tho  Most  Exoctina  Application 


Rex-Tube  isn't  a  cure-all,  of  course.  But  within  its  capacity  this 
rugged,  flexible  metal  hose  will  handle  efficiently  and  econom¬ 
ically  just  about  anything  you  give  it  to  do.  There  are  sizes  and 
types,  for  example,  that  range  from  oil  can  spouts  ...  to  heavy 
duty  tubing  used  in  steaming  out  tank  cars. 

Production  men  throughout  industry  know  that  many  of 
their  exacting  problems  can  be  solved  with  Rex-Tube  or  with 
the  other  flexible  metal  hose  products  in  the  complete  C.M.H. 
line,  including:  Rex-Weld^  Rex-Flex  S.S.,  Avioflex  and  Cellu- 
lined.  We  can  help  you,  too!  Write  today  for  Booklet  E-144. 


Dielectric  Heating 
Bp  I.  E.  Mouromtseff 

M'eatinghouse  Electric  Corp. 

Bloomfield,  .V.  J. 

Laboratory  tests  indicate  that  di¬ 
electric  heating  can  be  used  for  dis¬ 
infecting  grain  in  bulk,  sterilizing 
packaged  cereals,  making  safety 
glass,  gluing  wood  laminations  and 
shoe  soles,  and  curing  textile  fibers. 
It  has  proven  useful  in  drying 
enamel  insulation  on  wire,  and  rolls 
of  paper.  Medical  doctors  have  found 
dielectric  heating  advantageous  in 
treating  common  colds  and  some 
other  ailments,  although  the  effects 
can  be  duplicated  by  other  forms  of 
heat  treatment.  Despite  the  techni¬ 
cal  possibility  of  these  applications, 
initial  costs  of  dielectric  heating  in¬ 
stallations  are  prohibitive  at  present. 

Dielectric  heating  depends  on  the 
presence  of  permanent  molecular  di- 


Flexible  Metal  Hose  for  Every  Industrial  Use 


CHIM60  mjETfa  HOSE  C.4..nroN 


fflAVUIOOD,  lUINOIt 

.Plaats:  Maywood  ood  Elgin,  III. 
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Radio  Transmitter 
Model  T50CF-1 

This  modern,  50-kilowatt,  4  to  21  megacycle 
radio  transmitter  is  actually  two  transmitters  in 
one.  The  entire  unit  may  be  used  as  a  50kw 
transmitter  for  on-off  CW  or  frequency-shift 
keying  with  an  FS  keyer  and  may  be  modulated 
by  a  high-level  Class-B  modulator.  Complete 
controls  and  an  individual  power  supply  for  the 
exciter  and  driver  stage  provide  a  medium-power 
r-f  carrier  of  3-kilowatts  on  CW  or  FS— separate 
and  independent  of  the  power  amplifier  section. 
The  separate  controls  and  high-voltage  power 
supply  for  the  PA  make  this  section  available  as  an 
independent  Class-C  final  amplifier  unit  for  use 
with  a  suitable  double-sideband  Class-B 
modulator-driver.  The  PA  section  may  be 
adjusted  for  operation  as  a  Class-B  linear 
amplifier  when  used  with  a  suppressed-carrier 
exciter  or  other  r-f  driver  source. 


DESIGNED  for  CW  or  FS  operation,  this  equipment 
with  companion  Modulator  Model  TM  50-1  will  trans¬ 
mit  MODUPLEX*  where  AM  and  FS  signal  intelli¬ 
gence  appear  simultaneously  on  the  same  carrier. 

MODEL  T50CF-1  provides  protection  throughout  for 
personnel  and  equipment  by  elaborate  interlocking 
and  automatic  recycling  control  circuits.  An  auto¬ 
matic-shutdown  feature  cuts  off  the  transmitter  after 
a  preset  interval  if  the  external  (remote)  keying  line 
is  idle. 

Press  Wireless  will  deliver  this  high  quality  trans¬ 
mitter  and  others  of  2,500,  5,000,  or  20,000  watts 
with  associated  equipment  within  five  months  from 
the  receipt  of  your  order. 

Descriptive  literature  sent  at  your  request. 

*Trad»  Mark 


PRESS  WIRELESS  MANUFACTURING 

CORPORATION 

Ekecuf  ve  and  Soles  Office,  1475  BROADWAY,  NEW  YORK  CITY  18 
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poles  in  the  material  to  be  heated. 
The  choice  of  frequency  depends 
chiefly  upon  the  ease  of  load  match¬ 
ing  and  avoidance  of  standing  waves 
in  the  work.  The  wavelength  should 
not  exceed  one  sixteenth  the  greatest 
dimension  of  the  work.  Dielectric 
constants  of  most  materials  decrease 
but  little  with  increasing  frequency, 
whereas  power  factors  change  vari¬ 
ously.  Changes  of  power  factor  dur¬ 
ing  heating  are  the  greatest  load¬ 
matching  complication. 

High  powers  required  for  dielec¬ 
tric  heating  are  available.  The  resna- 
tron  and  magnetron  extend  these 
powers  into  the  centimeter  range. 


Testing  with  Pulses 
By  H.  W.  Lord 

Rttearch  Laboratory 
Oeneral  Electric  Co. 

Schenectady f  N.  T. 

Advantages  of  high-potential  test¬ 
ing  of  motors  and  transformers  us¬ 
ing  surges  or  pulses  are  that  (1) 
winding  stresses  are  similar  to  those 
due  to  switching  surges  during  op¬ 
eration,  (2)  high  voltages  are  ob¬ 
tainable  from  small  equipment,  and 
(3)  shock  from  the  pulse  voltage  is 
less  dangerous  than  from  other  high 
voltage  test  equipment. 

Improved  surge  testers  can  be 
built  using  techniques  originally  de¬ 
veloped  for  radar  such  as  hydrogen 
thyratrons,  pulse  forming  networks, 
and  pulse  transformers.  By  using 
a  shielded  pulse  transformer  bal¬ 
anced  to  ground,  the  bulky,  motor 
driven,  synchronous  switch  com¬ 
monly  used  in  high  voltage  test  sets 
is  eliminated.  In  addition,  fault  dis¬ 
play  on  the  oscilloscope  screen  is 
made  simpler  and  more  sensitive,  be¬ 
cause  a  bridge  circuit  giving  zero 
voltage  at  balance  can  be  used  in¬ 
stead  of  direct  comparison  of  two 
high  voltages. 

A  laboratory  surge  tester  suitable 
for  testing  fractional  horsepower 
motors  and  radio  transformers  was 
demonstrated. 


rcoTYPE  137-TR 

“  The  Itinerant  ** 

RADIO-TELEPHONE 


At  your  service  ...  A  compact  combina- 
t  tion  transmitter-receiver  that  is  “going 
K  places.”  It's  self-contained  and  has  every- 
thing.  Name  your  use  for  low  power 
p  radio  telephone  and  it  will  very  likely 
I  meet  your  need. 

s  Available  for  6,  12  and  32  volt  DC  or 
»  110  volt  50/60  cycle  AC  .  .  .  Expected 

range  under  average  conditions,  up  to 
200  miles  or  more  .  .  .  Power  output  18 
to  22  watts  in  the  3  to  6  MC  band. 
The  137-TR  is  pretuned  and  fully  crystal 
controlled  .  .  .  Push  to  talk  operation 
“  v/ith  hand  microphone  or  handset  .  .  . 
Absolutely  foolproof;  does  not  require 
expert  knowledge  to  set  up  or  operate 
.  .  .  Altho  inexpensive,  it  is  built  to  the 
high  standards  of  ERCO  quality. 

Small  airports  can  use  it  for  traffic  con¬ 
trol  .  .  .  and  large  ones,  too,  as  emer¬ 
gency  equipment.  Provides  ideal  ship-to- 
shore  communication  and  essential  con¬ 
tact  in  forest,  mining,  oil  producing  or 
other  remote  areas  where  point-to-point 
communication  is  vital  .  .  .  Tell  us  your 
^  requirement  and  we  will  give  you  all 
particulars. 


Radar 

Radar  Systems  Considerations 

By  D.  A.  Quarles  . 

Bell  Telephone  Lahoratoriee,  Inc. 

New  York,  N.  Y. 

Radar  design  has  quickly  passed  into 
specialists’  field.  There  has  been  full 
interchange  of  technical  information 
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Established  1895  ..  Manufacturers  af  Laminated  Plastics  since  1911 — NEN\  XIW 


The  power  that  drives  a  Diesel  Locomotive  is 
Electricity!  Electricity  generated  hy  huge  Diesel 
Driven  Generators .  .  .  generators  that  depend  on 
C-D  MICABOND  insulation  to  stand  the  b^h 
beat  and  vibration  oj  continuous  operation.  The 
small  armature  illustrated  separately  is  used  in 
your  automobile  generator  ...  it  too  must  give 
long-dependable  service  .  . .  furthermore  it  must 
also  be  economical  to  produce  so  it  is  built  on  a 
fast  moving  assembly  line.  Accuracy  in  dimensions 
is  essential  in  both  these  uses  of  C-D  MICABOND 
insulating  rings  and  segments  .  .  .  first  to  insure 
unfailing  service;  secondly  to  facilitate  fast  eco¬ 
nomical assembly. 


C-D  MICABOND  is  Mica  in  usable  forms.  MICA  split¬ 
tings  bonded  together  in  sheets  and  tubes  from  which 
segments,  rings  and  other  shapes  are  readily  and  accu¬ 
rately  fabricated.  Into  every  shipment  of  C-D  MICABOND 
goes  a  half  century  of  C-D  **know-how’*  .  .  .  your  assur¬ 
ance  that  C-D  MICABOND  is  engineered  to  do  the  job 
for  which  it  is  specified. 


BRANCH  OFFICES 
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between  workers  both  here  and  in 
England  so  that  each  has  used  the 
building  blocks  of  the  other.  In  de¬ 
signing  radar,  the  antenna  is  the 
essential  element.  Used  both  for 
transmission  and  reception,  it  pro¬ 
vides  the  required  illumination  pat¬ 
tern  which  can  be  specially  directed 
into  narrow,  fan  shaped,  or  other 
contoured  beams  depending  upon  the 
intended  use  of  the  system. 

Angular  resolution  and  range  dis¬ 
crimination  are  limited  by  a  volume 
of  confusion,  the  cross  section  of 
which  is  determined  by  beam  cross 
section  and  whose  depth  is  deter¬ 
mined  by  pulse  length.  To  obtain  a 


AN  ASSEMBLY  JOB 


That  Requires  Many  Parts 
and  Important  Operations 


Moisture  absorption  oi  radio  wares  in  the 
centimeter  region  Is  oppredodde.  olso  odb> 
sorption  bonds  from  molecules  (not  shown) 
are  encountered  at  these  short  worelengths 


narrow  beam,  high  frequencies  are 
necessary  in  limiting  the  antenna  to 
physically  realizable  dimensions. 
Since  the  beginning  of  the  war  radar 
has  advanced  from  one  meter  to  one 
centimeter.  Pulses  have  also  become 
shorter.  The  figure  of  confusion  has 
been  reduced  to  about  one  fifth  its 
earlier  volume.  However,  as  shown 
in  the  accompanying  figure,  moisture 
absorption  of  these  short  waves  ap¬ 
pears  to  limit  the  useful  radio  spec¬ 
trum  at  the  high  frequency  end.  The 
spectrum  seems  to  have  been  ex¬ 
plored  and  is  rapidly  being  conquered 
and  settled. 

Production  of  pulses  is  done  com¬ 
monly  by  electronically  shorting  a 
storage  transmission  line  by  such 
means  as  the  hydrogen  thyratron. 
The  produced  pulse  is  coupled  to  the 
r-f  tube,  usually  a  magnetron  deliv¬ 
ering  megawatts  of  instantaneous 
output  to  the  antenna.  Where  re¬ 
volving  antennas  are  used,  disconti¬ 
nuities  that  vary  with  angular  posi- 
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The  great  assembly  floor  at  Astatic's  main  plant  Conneoul, 
Ohio,  hums  with  on  ever-increasing  activity,  these  days,  as 
every  effort  is  put  forth  to  meet  production  quotas  for  radio, 

phonograph  manufacturer  and  ports 

f  jobber  demands.  The  assembling  of 

Astatic  Microphones,  Phonograph 
Pickups,  Cartridges  and  Recording 
Heads,  requires  skill  obtained  from 
careful  training  and  long  experience 
in  handling  the  many  small  parts 
required  for  these  products.  That 
they  shall  meet  Astatic's  high  stand- 
ards  of  operating  efficiency,  all  oper- 
closely  supervised  and 
each  product  individually  tested  be- 
fore  released  for  shipment 


THE 


Corporation 

CONNEAUT,  OHIO 

in  CANADA:  CANADIAN  ASTATIC  LTD^  TORONTO.  ONTARIO 


1 


Steel  Sheets  Thinner  Than  a  Human  Hair? 


Yes . . .  and  theyMl  soon  have  a  lot  to  do  with 
many  electrical  products  manufactured  for  home, 
farm  and  industry. 

These  special  electrical  sheet  steels  —  thinner  than 
this  sheet  of  paper  —  are  being  made  on  the  Armco 
precision  cold  strip  mill  pictured  above. 

During  the  war  they  were  used  in  combat  walkie- 
talkies  and  radar  equipment.  Now  these  ultra-thin  steels 
are  going  into  high-quality  radio  sets,  television 
sets  and  other  electrical  devices. 


This  is  one  of  the  latest  examples  of  research  by  Armco. 

Other  kinds  of  Armco  Electrical  Steel  Coils  and 
Sheets  are  ready  for  your  new  products,  too.  You’ll  find 
a  correct  Armco  grade  for  every  need.  And  you’ll  get  steel 
that  is  flat,  clean-surfaced  and  ductile  —  steel  of 
top  magnetic  properties  and  with  consistently  low  core 
loss  and  exceptional  permeability. 

For  detailed  information  about  specific  applications, 
just  address  The  American  Rolling  Mill  Company,  1251 
Curtis  Street,  Middletown,  Ohio. 

Export:  Thm  Armco  Intornational  Corporation 


^tCTRI^ 


ELECTRONICS 


Kester  has  the 


* 


RIGHT  FLUX 


for  Every  Solder  Job 


•  • 


•You  con  always  get  the  right  flux,  from  Kester _ 

a  flux  you  know  will  properly  clean,  prevent  oxida¬ 
tion,  make  way  for  a  tight  bond  that  will  resist  shock, 
vibration  or  bending  as  desired,  and  eliminate  sol¬ 
dering  failures. 

•  During  Kester's  47  years  of  experience,  hundreds 
of  Kester  flux  formulas  have  been  time-tested  in  lab¬ 
oratory  and  industry,  to  establish  exact  specifica¬ 
tions  for  every  flux  need.  Among  them  is  the  ideal 
flux  formula  for  you. 

•  Write  us,  and  Kester  engineers  will  consult  with 
you,  without  obligation. 


KESTER  SOLDER  COMPANY 

4204  Wrigbtwood  Av*..  Chicago  39,  lllioois 

Eastern  MoNt:  Naworfc,  N.  J.  CoaadkNi  Ptaot:  Iraiitferd.  Oof. 


AIEE  CONVENTION  (eon<lnu*d) 

tion  tend  to  pull  the  magnetron 
frequency.  The  impedance  irregu- 
larity  is  increased  by  long  trans¬ 
mission  paths,  thus  careful  design  is 
required. 

The  receiver,  protected  during 
transmitter  operation  by  a  gas  filled, 
TR  duplexer  tube,  receives  the 
reflected  pulse.  The  first  design 
problem  is  to  maintain  frequency 
tracking  with  the  transmitter.  Beat¬ 
ing  oscillators  are  used.  In  the 
microwave  range,  single  cavity,  re¬ 
flex,  velocity-modulated  tubes  are 
common.  Their  frequencies  are 


Raflox.  Telocity  modulation,  beating  oscil¬ 
lator  shown  full  tixe^  * 

stabilized  by  either  controlling  the 
repeller  voltage  or  thermally  tuning 
the  cavity.  Crystal  detectors  whose 
noise  closely  approximates  their 
theoretical  resistance  over  the  spec¬ 
trum  are  used  as  converters  in 
preference  to  vacuum  tubes  whose 
noise  factors  increase  with  fre¬ 
quency. 

Although  early  practice  was  to 
design  the  narrowest  i-f  band  con¬ 
sistent  with  pulse  width,  experience 
has  indicated  that,  although  noise 
increases  with  bandwidth,  the  in¬ 
creased  resolution  of  the  amplified 
pulse  and  smaller  grain  size  of  the 
noise  from  wideband  channels  gives 
a  clearer  picture.  Bandwidths  up  to 
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KteecA 

C*Si»U 


The  precision-built  DeJur 
11/^''  Meters  are  doing  a 
man-sized  job  on  many 
applications  where  space 
must  be  conserved. 

DeJur  EXTERNAL 


PIVOT  construction  gives 
maximum  accuracy  —  re¬ 
duces  pointer-rocking,  and 
wear  on  bearing  surfaces 
— greatly  lengthening  the 
life  of  the  instrument 

External  Pivot  Internal  Pivot 


(As  Uted  by  DeJUR) 


(Not  Used  by  PeJUR) 


in  a  wide  line  of  models  for  many 
electronic  and  general  electrical  ap- 
plications.  They  are  electrically  and 
mechanically  engineered  to  meet 
the  precise  requirements  of  electri- 
cal  manufacturers. 

The  11  Watt  Model  275  (illus- 
trated)  is  typical  of  DeJur  Poten- 
tiometers.  Rugged  yet  light  in 
weight,  it  is  built  to  give  outstand- 
ing  service  under  the  most  severe 
operating  conditions. 

^^^^WRITE  FOR  THE  LATEST  DeJUR  CATALOG 


5«nd  dotail*  af  yoor  roqwiromonts  la 
D*J«r.  0«r  onginaors  will  glodly 
''!«•  Hio  corroct  bitframont  la  niaot 
y*wr  noods. 
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(cont!nu«d) 


ten  megacycles  at  either  30  or  60 
megacycles  are  used. 

The  results  are  displayed  by  meth¬ 
ods  now  familiar  to  all.  Cathode-ray 
focusing  by  permanent  magnets  in¬ 
stead  of  electromagnetic  focusing  is 
used,  thereby  reducing  power  supply 
requirements  and  stabilizing  the 
focus.  Techniques  are  much  like 
those  of  television  with  the  addition 
of  means  to  expand  portions  of  the 
display  and  to  distinguish  between 
fixed  and  moving  objects. 

In  military  applications  for  precise 
target  location,  lobe  switching  and 
conical  scanning  combined  with  servo 
tracking  are  used.  Computing  sys¬ 
tems  use  the  tracking  motion  to 
anticipate  future  target  positions. 
The  art  has  been  adequately  treated 
elsewhere. 


Marine  Radar  for  Peacetime  Use 

By  L.  H.  Lynn  and  O.  H.  Winn 

General  Bteetrio  Oorp. 

Scheneotadp,  N.  T. 

Experiments  on  a  Great  Lakes  ore 
boat  using  a  modified  military  ship- 
borne  search  radar  indicated  the 
increased  navigational  safety  and 
saving  of  shipping  time  especially 
during  periods  of  low  visibility. 
However,  the  merchantman  can  not 
economically  carry  the  large,  highly 
trained  personnel  required  to  operate 
military  radar.  Therefore  a  simpli- 


Required 


Battery  charger  to  maintain  y  fully  charged  at  all 
timeSy  the  12  volt^  cell  heavy  duty  battery;  to 
rapidly  recharge  at  12  ampere  rate  and  to  auto¬ 
matically  reduce  to  trickle  rate  at  proper  time. . . . 
Source  of  power — 115  volts  AC  60  cycle  power  line. 

We  solved  this  problem  by  designing  the  necessary  rectifier 
power  pack  (to  convert  the  AC  to  DC) — the  heavy  duty 
transformer  to  step  this  power  down  to  12  volts — the 
automatic  charge  rate  control — and  the  heavy  duty,  weather¬ 
proof  steel  housing  ...  We  had  designed  and  built  another 
rugged,  first  quality  B-L  Rectifier  Power  Pack  unit. 

Why  a  metallic  rectifier?  Because  the  B-L  Rectifier  is  out¬ 
standing  in: 

1.  Durability. 

2.  Trouble-free  long  life. 

3.  The  elimination  of  current  reversals  during 
primary  power  supply  failures. 

4.  Freedom  from  atmospheric  damage. 

What  is  your  problem? 


COPPER 

SULPHIDE 


THE  BENWOOD-LINZE  COMPANY 

ISIS  LOCUST  STREET  ST.  LOUIS  3,  MO. 

Long  Distance  Telephone  CEntrol  5830 

Designers  and  Manufacturers  of  Selenium  and  Copper  Sulphide 
Rectifiers,  Battery  Chargers  and  DC  Power  ^pfdies  for 
practically  every  requirement. 


Antenna  pedestal  houses  r-i  circuits  ood 
scanning  mechanism  of  the  rimplifl*d 
maritime  radar 
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(MAYBE  YOURS) 


ANSWERS 


(MAYBE  OURS)  ■  ■  ■ 


if  you  know  where  to  look! 

Special  problems  of  lubrication,  parting,  coating  and  impreg> 
nation  are  all  about  us  in  the  electronics  field.  Those  empha¬ 
sized  above  are  just  a  few— typical  of  the  "lesser"  vexations 
with  "major"  consequences. 

Our  first  job  is  to  spot  such  problems.  Our  second  is  to 
solve  them. 

To  help  do  both,  Acheson  Colloids  Corporation  has  just 
published  a  new  16-page  treatise  on  the  versatility  and  the 
usefulness  of  that  unique  material  with  so  many  unique 
properties— **dag**  colloidal  graphite.  It  gives  properties  and 
applications.  It  contains  dozens  of  illustrations  and  columns 
of  data.  It  covers  dispersions  in  water,  oil,  volatile  hydro¬ 


carbons,  glycerine,  alcohol,  resins,  waxes  and  other  carriers. 

Send  for  it.  It  may  open  your  eyes— both  to  problems  which 
are  costing  you  money,  and  to  their  answers.  jmlco  a  di 

ACHESON  COLLOIDS  CORPORATION,  Port  Horon,Micliigoii 


Dept.  DD-5 

GenH*m«n:  Please  send  yournew  BulletinNo.460 

NAME _ 

POSITION _ 

FIRA4 _ 

ADDRESS _ 

ZONE  No _ STATE _ 

OUR  PRESENT  OIL  SUPPLIER  IS _ _ _ 

(Lubricants  containing  **dag**  colloidal  graphite 
are  available  frcm  major  oil  companies.) 


I - 1 

} 

I 

I  our  new  bulletin 
I  on  the 
I  Versatility  and 
I  Usefulness  of 

COLLOIDAL 
GRAPHITE 
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1917 
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^  \ 


Well  Stick  to 
Coil  Windings 


The  pressure  of  wartime  production  forced 
many  manufacturers  into  strange  paths  .... 
we  were  fortunate  that  all  of  our  increased 
facilities  could  be  devoted  to  coil  windings. 


Experience  has  proved  to  us  that  superior  coil 
windings  result  only  from  continuous  attention 
to  their  design  and  production. 


We  are  determined  that  our  reputation  for 
windings  of  highest  quality  ...  a  reputation 
earned  during  29  years  of  service  to  indus¬ 
try  ...  .  shall  be  maintained. 

That's  our  business  and  we're  going  to  stick 
to  it. 


COTO-COILCOJNC. 


COIL  SPECIALTIES  SINCE  1917 
65  PAVILION  AVE.  PROVIDENCE  5.  R.  I. 


fled  unit  has  been  developed  for 
merchant  marine  use. 

Because  of  the  simplicity  of  inter¬ 
preting  the  indications,  a  plan  posi¬ 
tion  type  indicator  is  used.  Controls 
are  reduced  to  those  necessary  to 
adjust  the  instrument,  select  range, 
and  take  bearing.  Others  are  avail¬ 
able  only  for  installation  and  service 
adjustment.  The  equipment  is  housed 
in  two  units,  one  in  the  pilot  house, 
the  other  at  the  antenna  location.  A 
motor-generator  supplies  power  from 
the  ship’s  mains. 


Airborne  Radar  for  Navigation 
and 

Obstacle  Detection 


By  R.  C.  Jensen  and  R.  A  Arnett 

Gmieral  Eleetrie  Co. 
Sohenectadyt  E.  Y. 


Publicity  recently  given  radar  by 
newspapers  and  technical  magazines 
has  caught  the  public  imagination. 
Stimulated  by  aviation  accidents, 
people  have  proposed  radar  for  navi¬ 
gation  and  obstacle  detection  by 
aircraft.  However  limitations  to 
present  radar  restrict  its  application. 

For  observing  the  ground,  as  in 
military  applications  for  bombing, 
the  optimum  radiation  pattern  is 
one  for  which  the  intensity  reaching 
the  ground  follows  the  squared  co¬ 
secant  of  the  angle  from  the  beam 
axis.  However,  the  display  from  such 
a  pattern  fails  to  indicate  relative 
heights  of  objects.  Other  beams  can 
be  used,  each  with  its  particular 
inadequacies. 

Sharp  beams  are  necessary  to  pro¬ 
vide  adequate  resolution  of  objects. 
The  navigational  necessity  of  scan¬ 
ning  a  wide  area  with  a  narrow  beam 
cannot  yet  be  solved  within  the 
carrying  capacity  of  the  plane.  Be¬ 
fore  the  equivalent  three  dimensional 
resolution  and  range  accuracy  that 
is  now  possible  for  plan  position 
radar  can  be  achieved  with  light¬ 
weight  airborne  equipment,  many 
electrical  and  mechanical  engineer¬ 
ing  problems  are  to  be  overcome. 


Shoran  Precision  Radar 


By  Stuart  W.  Seeley 


Radio  Corp.  of  America 
Aew  York,  N.  Y. 


For  navigation  at  short  range, 
shoran  is  more  accurate  than  loran. 
Used  initially  to  guide  bombers  and 
reconnaissance  planes  over  Europe, 
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TO  THB  MOON  AHV  BACK..  .VIA  BLAW-KNOX 


Because  we  have  been  a  confidential  advisor  to 
the  Army  Signal  Corps  since  long  before  World 
War  II  it  was  only  natural  that  Blaw-Knox 
should,  in  a  special  way,  participate  in  the  sen¬ 
sational  earth-to-moon  contact . . .  The  100  ft. 
tower,  which  carries  this  double  64  dipole 
antenna,  is  a  Blaw-Knox  product. 

BLAW-KNOX  DIVISION 

OF  BLAW-KNOX  COMPANY 
2077  Farmers  Bank  Building,  Pittsburgh,  Pa. 
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BLAW-KNOX 

VERTICAL  RADIATORS 

FM  &  TELEVISION  TOWERS 


Svvwi  Kaw-Knox  plontthay  b«««  awarded  llw  Army-Narf 
’  E”,  oitd  kav  ngviorly  fc^ivmd  rwwwaf  t#art  for  ceo- 
tiimmd  higk  oehi$v$mtmt  im  Ao  proditcHom  of  wor  wotoriof. 


VA| PFY 

W  mm  ■■  I  k  I 

FREQUENCY 

CONTROL 


Valpey  Crystals  .... 
the  Heart  of 
Modern  Communication 


DEPT.  OF  CONSERVATION  . . . 


CIVILIAN  AIRCRAFT  . . . 


Finer,  longer  lasting,  lower  cost  crystals  than 
eyer  before.  We  solicit  inouiries  from  "hcmis" 
— write  for  distributor's  name  in  your  vicinity. 


VALPEY  CRYSTAL  CORPORATION 

HOLUSTON,  MASS. 


CRAFTSMANSHIP  IN  CRYSTALS  SINCE  1931 


AIEE  CONVENTION  (eontinutd) 

shoran  can  provide  precise  naviga¬ 
tional  fixes  close  to  the  base  stations. 
The  principle  of  operation  is  that  of 
measuring  the  interval  between 
transmission  of  a  pulse  by  the  plane 
and  the  return  of  echoes  from  fixed 
reradiation  stations.  There  is  no 
signal  coordination  between  stations. 
The  fixed  transmitters  are  triggered 
by  the  pulse  radiated  from  the  plane. 
By  determining  the  roundtrip  trans¬ 
mission  interval  between  each  of 
two  stations,  the  navigator  locates 
his  position  in  systems  of  circular  co¬ 
ordinates  with  the  fixed  stations  as 
centers.  Pulse  transmitting  equip¬ 
ment,  receivers,  and  timing  circuits 
are  similar  to  those  of  other  pulse 
signaling  equipment. 

Microwave  Testing 

By  E.  I.  Green,  H.  J.  Fisher 

and  J.  G.  Ferguson 

Bell  Telephone  Labe..  Ine. 

New  York,  N.  Y. 

Techniques  and  facilities  devel¬ 
oped  for  microwave  radar  testing  are 
applicable  in  the  r-f  range  from  500 
to  25,000  me,  and  at  intermediate 
frequencies  for  communication  by 
pulse,  frequency,  and  amplitude  mod¬ 
ulation  from  both  audio  and  video 
signals.  In  addition  to  checking  cir¬ 
cuit  and  system  operation  common 
to  communication  and  radar,  radar 
testing  also  includes  measuring  the 
accuracy  of  the  indicated  target  loca¬ 
tion.  Equipment  of  the  types  familiar 
at  lower  frequencies  have  been  de¬ 
veloped. 

In  the  uhf  range,  coaxial  r-f  cir¬ 
cuits  are  used ;  in  the  shf  band,  wave 
guides  are  used.  Standard  signal 
generators  have  high  frequency  sta¬ 
bility,  can  be  tuned  over  an  appre¬ 
ciable  frequency  range,  incorporate 
attenuator  pads  and  power  measur¬ 
ing  circuits  (usually  calibrated  in 
dbm,  that  is  db  from  a  milliwatt  ref¬ 
erence  level),  and  f-m  sweeps  and 
pulse  modulation. 

Either  coaxial  or  wave  guide  wave- 
meters  are  common,  although  a  com¬ 
bination  of  the  two  called  transition 
wavemeters,  are  also  used.  Coaxial 
resonators  are  such  that  only  the 
coaxial  mode  (TMo.o.n)  can  exist. 
Cylindrical  cavities  are  excited  in 
their  dominant  mode  (TEi.i.n)  to 
avoid  spurious  resonances  from  other 
modes,  although  for  higher  selec¬ 
tivity  the  circular  electric  mode 
(TEo.i.b)  can  be  used.  For  variable 
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HERE  MAY  BE 


TO  YOUR  METAL  PROBLEM 


CONTACT  BUTTONS 


CONTACTS 


Oanaral  Lamtnal'adi  Matals 


Investigate  General  Plate  Laminated  Metals  today. 
Find  out  how  their  unusual  performance  and  cost* 
cutting  advantages  can  help  increase  production  . . . 
improve  your  product . . .  and  save  money,  too. 

Our  engineers  will  gladly  help  you  with  your  metal 
problems.  Write  for  their  services. 

Check  these  Generol  PIcrte  edventogest 

e  Corrosion  Resistance  •  Workability 

e  Ease  of  hibrication  •  Long  life 

•  Ease  of  soldering  •  Economy 

•  Electrical  Performance 


General  Plate  Laminated  Metals  .  .  .  permanently 
bonded  combinations  of  precious  metals  to  base 
metals  or  base  to  base  metals . . .  can  provide  the  solu* 
don  to  your  performance  or  design  metal  problems 
whether  the  product  be  a  peanut  radar  tube,  an  electri¬ 
cal  contact  or  a  giant  turbine. 

These  versatile  laminated  metals  ...  in  sheet,  wire, 
tube— or  as  fabricated  parts  . . .  give  you  high  electri¬ 
cal  performance,  corrosion  resistance,  workability,  me¬ 
chanical  and  structural  properties  not  found  in  single 
solid  metals— and  best  of  all,  at  a  fraction  of  the  cost 
of  solid  precious  metals. 

GENERAL  PLATE  DIVISION 

0/  Metals  &  Controls  Corporation 

50  Church  St..  N«w  York.  N.  Y.|  205  W.  Wackor  prtvo.  Cklcofo.  III.1  2635  Poa*  Drivo.  AltadMo,  Colifemio 
Grant  SIda.,  Itni.  603.  Pittiburah.  Pa. 

ATTLIIOIO,  MASSACHUSITTS 
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MR,  RADIOMAN:  CREI 
Training  Can  Equip  You  To 
Step  Ahead  of  Competition 


and  Gain  the  Confidence 
Born  of  Knowledge !  .  .  . 


Will  You  Be  Ready 

CREI  Can  Prepare  Yon 
Now  for  a  Better  Job 
and  a  Secnre  Career  in 
RADIO-ELECTRONICS 


V 


CREI  technical  home  study  training  prepares  you 
for  the  secure  radio  jobs  that  pay  good  money  for 
ability. 

You  can  be  ready  to  enjoy  the  security  of  an  im¬ 
portant  engineering  position  and  take  advantage  of 
new  carreer  opportunities  ...  if  you  prepare 
yourself  now. 

Join  the  ambitious  radiomen  who  are  assuring 
themselves  of  secure  good-paying  jobs  with  a  planned 
program  of  advancement  made  possible  by  CREI 
home  study  training  in  Pactrical  Radio-Electronics 
Engineering. 

You  can  study  at  home — in  your  spare  time — de¬ 
velop  your  technical  ability — increase  your  knowledge 
to  keep  pace  with  important  developments  now  tak¬ 
ing  place  in  the  industry.  CREI  courses  are  con¬ 
stantly  being  revised  and  kept  up-to-date  with  the 
rapid  developments. 

By  adding  CREI  training  to  your  present  radio 
experience,  you  can  safeguard  your  future  and  have 
a  thorough  knowledge  U.H.F.  Circuits,  Cavity  Reso¬ 
nators,  Pulse  Generators,  Wave  Guides,  Klystrons, 

Magnetrons  and  other  tubes.  Are  you  equipped  to 
handle  them?  CREI  is  equipped  to  help  you,  by 
providing  the  know-how  and  the  ability  that  is  required. 

Act  now!  Get  underway  today.  It  costs  nothing 
but  a  moment’s  time  to  send  for  complete  details — 
without  obligation — and  it  costs  nothing  but  a 
moment’s  time. 

CAPITOL  RADIO  ENGINEERING  INSTITUTE 

HOME  STUDY  COURSES  IN  PRACTICAL  RADIO-ELECTRONICS 
ENGINEERING  FOR  PROFESSIONAL  SELP-IHPROVEHENT 

Dept.  E-4.  3224-1 6th  Street,  N.  W.,  Washieqton  10.  D.  C. 

Contractors  to  U.  S.  Navy  —  U.  S.  Coast  Guard  —  Canadian  Broadcasting  Corp. 
Broducors  of  Wall~tralnad  Tachnlcal  Radlorttan  for  Industry 

Idambar:  NATIONAL  COUNCIL  OF  TECHNICAL  SCHOOLS  ■■■■■■ 


Just  O#  tka  Pr*««l 


WRITE  FOR 
FREE  36-PA6E 
BOOKLET 


■•To«r  Opporfualfy 
In  tka  Maw  WaHd 
at  Claefranica’' 

If  you  hare  had  pro- 
retisional  or  amateur 
radio  experienoe  and 
want  to  make  more 
money,  let  ua  prore 
to  you  we  haTe'eome- 
thina  you  need  to 
qualify  for  a  bKter 
radio  Job.  To  help  ue 
inteilifently  answer 
your  inquiry  — 
TLEASR  STATE 
KRIKFLY  YOUR 
R  A  C  KO  R  O  UND 
O  F  EXPERIENCE. 
EDUCATION  AND 
PRESENT  POSI¬ 
TION. 


AIEE  CONVENTION  (coatinuad) 

frequency  cavities,  the  TE  modes  are 
preferred  because  of  their  zero  cur¬ 
rent  at  the  inner  walls,  thus  simplify, 
ing  design  of  moving  contacts. 

Power  measurements  for  signal 
generator  outputs,  detecting  reso¬ 
nance  of  wavemeters,  and  measuring 
transmitter  output,  and  circuit  gains 
and  attenuations  are  all  basically  the 
same.  Crystal  rectifiers,  necessitat¬ 
ing  protection  from  overloads  and 
stubbing  to  provide  d-c  returns  from 
the  indicating  instrument,  and  ther¬ 
mistors,  platinum  wires  or  thermo¬ 
couples,  placed  directly  in  the  field  to 
be  measured,  are  used.  These  latter, 
being  sensitive  to  temperature,  re¬ 
quire  care  in  use. 

Standing  wave  ratios,  indicative 
of  impedance  mismatch,  can  be  meas¬ 
ured  in  several  ways.  A  traveling 
probe  in  the  coaxial  line  or  wave 
guide  can  directly  detect  the  stand¬ 
ing  wave.  The  standing  wave  can  be 
made  to  move  past  a  fixed  probe  by 
changing  the  electrical  length  of  a 
section  of  a  wave  guide  by  squeezing 
it,  or  the  reflected  energy  from  a 
mismatch  can  be  separated  from  the 
incident  energy  by  a  hybrid  T. 

Another  method  of  measuring 
standing  wave  ratio,  also  used  to 
separate  transmitter  and  receiver 
power  within  a  radar  antenna  feeder, 
is  the  directional  couple.  Because  of 
the  quarter-wave  spacing  of  the  two 
pickup  probes,  energy  passing  in  one 
direction  cancels  itself  within  the 
directional  couple  and  energy  from 


OPPOSITE  PHASE  COMPONENTS  ANNUL 


VANE 


y _ 

FROM 


.TEST 

CONNECTOR 
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ANTENNA 
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Directionod  couple  for  measuring  energy 
pasting  in  only  one  direction  in  a  wove 
guide  can  be  used  for  detecting  impedance 
mismatches 

the  other  direction  reinforces  itself. 
In  this  way  energy  reflected  either 
from  a  target  or  from  an  impedance 
discontinuity  can  be  measured. 

Wideband  amplifiers  and  high 
speed,  linear  sweeps  have  been  de¬ 
veloped  for  oscilloscopes.  Accurate 
timing  circuits,  triggering  circuits, 
and  pulse  generators  carry  accur¬ 
acies  to  better  than  plus  or  minus 
two  hundredths  of  a  microsecond. 
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'*  Whcrt  Do  Ymi  Want  in  a  Relay 


*  CLARE  Will  "Custem-Bwild”  H  ^ 


. . . 


•  Clare  puts  the  designer  in  the  driv¬ 
er’s  seat.  Clare  Relays  permit  a  flexi¬ 
bility  of  plan  unheard  of  with  ordinary 
relays. 

The  secret?  There  isn’t  any.  It’s  just 
that  Clare  "custom-building”  makes  it 
possible  for  you  .  .  .  with  the  utmost 
economy  ...  to  have  a  relay  exactly 
suited  to  your  specific  requirements. 

Clare  doesn’t  design  and  manufacture 
a  new  relay  for  you  from  the  ground 
up.  There  would  be  no  economy  for 
you  in  that.  Clare  "custom-building” 
seleas  the  proper  combination  of  Clare 
features  for  the  job  and  includes  them 
io  a  standard  basic  frame  that  is  ideal 
for  the  requirement  at  hand. 

Clare  "custom-building”  is  a  method 
of  construction.  It  permits  a  wide  range 
of  contact  ratings  , . .  five  different  con¬ 
tact  forms  or  any  combination  of  them 

•  • .  either  flat  or  hemispherical  contacts 
which  may  be  of  rare  metals  or  special 


alloys  .  .  .  coil  windings  to  match  the 
circuit  and  application. 

Clare  Relays  are  built  for  applications 
where  precise  performance,  long  life 
and  dependability  are  prime  requisites. 
Thousands  of  users  attest  to  the  valiye 
of  Clare  Relays  and  the  Clare  "custom- 
built”  principle. 

To  "custom-build”  a  relay  for  you 
Clare  engineers  must  know  all  the  facts 
surrounding  the  requirements.  Clare 
has  sales  engineers  in  all  principal 
cities  to  show  you  how  Clare  "Custom- 
Built”  Multiple  Contact  Relays  are  the 
effective  answer  to  modern  design 
problems. 

Send  for  the  new  Clare  Engineering 
Data  Book  with  its  full  information  on 
the  full  line  of  Clare  Relays  and  allied 
control  apparatus.  Address:  C.  P.  Clare 
&  Company,  4719  West  Sunnyside 
Avenue,  Chicago  30,  Illinois.  Cable 
address:  CLARELAY. 


Contocts  are  welded  to  nickel  silver  springs 
by  a  special  process.  May  be  of  precious 
metals  or  alloys  in  12  different  standard  or 
special  types  and  sizes. 


Coil  core  of  ax.  relays  is  of  thin  lamina¬ 
tions  of  silicon  steel,  riveted  together.  This 
reduces  hysteresis  and  eddy  current  losses, 
gives  large  antount  of  power  with  small 
heat  losses. 


High  voltage  spring  pile-up  insuiators  of 
special  heat-treated  Bakelite.  Have  mmi- 
mum  cold  flow  properties,  low  moisture 
absorption  content.  Permit  punching  with¬ 
out  cracks  or  checks. 


CLARE  RELAYS 

Custom-Buih”  MuHiple  Contact  Relays  for  Electrical  and  Industrial  Us 


Double  arm  armature  assembly  with  stain¬ 
less  steel  shaft,  operating  in  a  marine  brass 
yoke.  Heelpiece,  core  and  armature  assent- 


NEW  PRODUCTS 

New  materials,  new  components,  new  as¬ 
semblies;  new  measuring  equipment; 
new  technical  bulletins,  and  new  catalogs 


Noise  and  Field  Intensity  Meter 

Stoddard  Aircraft  Radio  Co.,  6644 
Santa  Monica  Boulevard,  Hollywood 
38,  Calif.,  is  now  releasing  the  Model 
NMA-4  noise,  and  field  intensity 
meter  heretofore  available  only  to 
the  Navy. 

It  is  useful  in  locating  and  indi-  * 
eating  in  microvolts,  the  amplitude 
of  noise  causing  disturbance  to  radio 
reception  in  aircraft,  and  in  other 
receiver  locations ;  in  determining 
the  effectiveness  of  filtering  and 
shielding  electrical  apparatus  which 
produces  radio  noise  at  ultra-high  vary  capacitance  and  inductance  si- 
frequencies;  for  indicating  and  re-  multaneously,  offering  noiseless  tun- 
cording  in  microvolts  per  meter  the  ing  from  100-400  me. 
field  intensity  of  a-m,  f-m  and  televi-  These  circuits  maintain  a  high  de- 
sion  transmitters.  gree  of-  stability  and  nearly  constant 

The  r-f  amplifier,  mixer  and  oscil-  value  of  resonant  impedance  which 
lator  circuits  use  butterflies  which  provides  for  substantially  uniform 


calibration.  Stability  of  calibration 
is  affected  by  shot  noise  developed  in 
the  plate  circuit  of  the  r-f  amplifier. 

The  voltage  range  is  1  to  100,000 
microvolts.  The  field  intensity  range 
is  6  to  100,000  microvolts  per  meter. 
Performance  and  construction  speci¬ 
fications  are  in  accordance  with  ac¬ 
ceptable  government  requirements. 
Designed  for  portable  or  laboratory 

use  at  105-125  v  a-c,  the  unit  is  15j« 

16 

in.  high,  21i  in.  wide,  14fi^  in.  deep. 
Weight  is  56  lb.  Accessories  are  pro¬ 
vided  for  various  types  of  measure¬ 
ments. 


Amplifier-Voltmeter 

Instrument  Electronics,  253-21 
Northern  Boulevard,  Little  Neck,  L. 
I.,  N.  Y.  The  Model  45  logarithmic 
voltmeter  has  an  accuracy  of  ±2  per¬ 
cent  over  its  range  from  0.0005  to 
500  V  at  frequencies  from  7  cps  to 


Packaged  Magnetron  Oscillator  for  Radar 


De  Mornay  Budd,  475  Grand  Con¬ 
course,  New  York  51,  N.  Y.,  has 
available  in  its  line  of  microwave 
equipment  a  packaged  r-f  radar  unit. 
The  magnetron  oscillator  is  capable 
of  delivering  20  kw  peak  power  at 


9,375  me.  Two  local  oscillators,  two 
t-r  tubes,  crystals,  and  a  narrow- 
band  directional  coupler  for  meas¬ 
urements  are  included,  as  well  as  a 
beacon  cavity  and  crystal  mount  for 
future  beacon  use. 


1.6  me.  It  is  useful  in  vibration 
studies,  audio  measurements  and  in 
broadcast  and  carrier  frequency  com¬ 
munications  work.  Power  consump¬ 
tion  is  30  w  from  a  117-v,  60-cps  line. 
The  table  model  is  7ix8txl0i  in. 
and  the  price  is  $185. 


If  you  operate  equipment  requiring  a 
constant,  regulated  source  of  laboratory 
D.C.  power  —  Amplifiers,  Pulse  Genera¬ 
tors,  Constant  Frequency  Oscillators, 
Measurement  Equipment  and  the  like  — 
you’ll  find  there’s  a  HARVEY  Regulated 
Power  Supply  that  will  suit  your  every 
requirement  to  a  ”T”.  As  the  products  of 
pioneers  in  the  development  and  manu¬ 
facture  of  Regulated  Power  Supplies, 
HARVEY  Units  offer  the  latest  and  best 
in  design,  performance  and  dependa¬ 
bility. 

Tbt  HAKVEY  Regulated  Power  Supply 


HARVEY 


HARVEY  OF  CAMBRIDGE _ YOUR  BEST  Source  of 

Supply  for  REGULATED  POWER  SUPPLIES 

\\\  \\\  / f f 


J06-PA  meets  every  need  for  a  control¬ 
lable,  dependable  source  of  laboratory 
D.C.  power  between  200-300  volts. 
Operates  from  115  volts  A.C.  .  .  .  output 
remains  constant  even  though  line 
voltage  varies  between  95  and  130  volts 
Ripple  content  is  better  than  lOMV  .  .  . 
two  separate  filament  voltages  available 
. .  .  6.3  volts,  5  amps,  each  .  . .  paralleled 
operation  possible  making  6.3  volts  at 
10  amps,  available.  D.C.  voltmeter  for 
measuring  output. 

The  HAKVEY  Regulated  Power  Supply 
206-PA  operates  precisely  and  efficiently 


in  the  500  to  1000  volt  range.  It  provides 
a  regulated  flow  of  D.C.  power  in  two 
ranges:  500  to  700  volts  at  ]/i  amp;  700  to 
1000  volts  at  amp.  Ripple  content 
1/10  of  1%  or  better  at  any  voltage  .  .  . 
3OOMV  at  1000  volts  or  better.  Output  is 
constant  within  1%  from  no  load  to  full 
load  in  each  range;  regulation  1%  or 
better. 

For  complete  specifications  on  the 
HARVEY  106-PA,  write  for  Bulletin  No. 
25;  on  the  HARVEY  206-PA,  Bulletin 
No.  26.  We’ll  be  pleased  to  send  you 
either  or  both.  Write: 


\\\ 


\\V 


/// 


/// 
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such  a  way  as  to  be  mechanically  in¬ 
terchangeable  with  most  crystal 
pickup  cartridges.  The  hum-bucking 
coil  is  seen  above  the  pickup  coil  in 
the  phantom  drawing. 


7 

Circuit  Breaker 

Heinemann  Circuit  Breaker  Co., 
97  Plum  St.,  Trenton,  N.  J.,  is  now 
manufacturing  a  three-pole  breaker 
which  opens  all  circuits  when  an 


receiver  for  civilian  use.  The  new 
Series  400  model  operates  either  be¬ 
tween  0.64  and  30  me  or  1.25  and 
40  me  with  five  amateur  bands  spread 
substantially  over  the  dial  of  the 
latter  (SP-400-SX)  model.  The  re¬ 
ceiver  is  equipped  with  crystal  filter, 
avc,  noise  limiter,  S  meter,  and  has 
a  built-in  power  supply. 


10 

Shaded-Pole  Motor 

Alliance  Manufacturing  Co.,  Alli¬ 
ance,  Ohio,  has  designed  a  1/30  hp 
shaded-pole  motor  which  will  operate 


5 

Frequency  Converter 

The  Hallicrafiers  Co.,  Chicago  16, 
Ill.,  provides  a  means  of  converting 
f-m  broadcast  receivers  now  tuning 
between  42  and  50  me  for  reception 


of  signals  on  the  new  band,  88  to  108 
me,  in  the  CN-1  kit.  The  new  circuit 
components  are  mounted  in  a  box 
6x4x4  in.  which  weighs  7  lb.  The 
price  is  $15. 


6 

Heavy  Turntable 

Robinson  Recording  Laboratories, 
35  South  Ninth  St.,  Philadelphia  7, 
Pa.,  is  now  manufacturing  a  new, 
heavy,  belt-drive  turntable  equipped 
with  a  lever  shift  from  78  to  33S 
rpm.  The  chassis  bed  plate  is  20  x  24 
in.  and  mounts  in  an  opening 
19x23  in.  It  can  be  supplied  with¬ 
out  pickup  for  $295.  Console  is  $75 
extra. 


overload  occurs  in  any  one  leg.  It  is 
designed  for  120/230  v  a-c  or  260  v 
d-c  use  at  50  amp  maximum.  Overall 
dimensions  are  51x2Hx3  in. 


8 

Vacuum  Relay 

Monitor  Controller  Co.,  Baltimore 
2,  Md.  is  manufacturing  a  spst  vac¬ 
uum  relay  which  operates  on  35  ma 
at  120  V  d-c  and  will  make  or  break 
a  d-c  circuit  carrying  2  amp  at 
5,000  V.  The  Type  RC  9972  sells  for 
$47. 


9 

Communications  Receiver 

The  Hammarlund  Mpg.  Co.,  460  W. 
34th  St.,  New  York  1,  N.  Y.,  is  once 
again  manufacturing  a  Super-Pro 


fans  or  do  intermittent  duty  in  other 
services.  It  has  a  4i  in.  outside  di¬ 
ameter  and  operates  at  50  or  60  cps 
on  voltages  of  220  or  less. 


11 

Industrial  Counter 

Potter  Instrument  Co.,  136-56 
Roosevelt  Ave.,  Flushing,  N.  Y.  The 
dual  predetermined  electronic  coun¬ 
ter  is  proving  valuable  in  such  in¬ 


dustrial  tasks  as  the  counting  and 
packaging  of  small  items.  Employ¬ 
ing  four-tube  counter  decade  circuits 
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Even  through  the  war  years,  when  con¬ 
ditions  were  difficult,  we  were  able 
to  maintain  the  uniformity  of  our  thin 
gauge  papers  for  important  military 
equipment.  We  continue  this  ability  for 
you  for  peace  time  products,  including 
capacitors,  coils,  transformers  and  other 
insulating  purposes,  requiring  thin 
gauge  papers.  Our  grades  range  in  thick¬ 
ness  from  .00025"  to  .004"  with  ex¬ 
tremely  low  tolerance  limits.  Specify 
Schweitzer  for  thin  gauge  paper. 

I 

SCHWEIIZER  PAPER  CO. 

182  CORNEILSON  AVE.,  JERSEY  CITY,  N.J. 


Plant*:  Jenej  City,  Mt.  HoUj  Springs,  Pa. 
Research  Lahoraiories: 

Chrysler  Bldg.,  New  York.  N.  Y. 


SPECIALISTS  IN  1«IN  GAOGt  PAPERS 

electronics  — Apr,-/ 


271 


arranged  to  give  two  independent 
predetermining  channels,  any  num¬ 
ber  from  0  to  10,000  may  be  set  up 
by  manipulating  rotary  switches.  Op¬ 
erating  power  is  from  110  v  60  cps 
lines. 


12 

Sound  Projector 

Atlas  Sound  Corp.,  1449  39th  St., 
Brooklyn  18,  N.  Y.  The  Atlas  HU-15 
weather-proof  loudspeaker  can  be 
positioned  for  optimum  coverage  in 


any  direction  and  then  locked  in 
place.  Voice  coil  impedance  is  8 
ohms,  input  power  12  w.  Bell  diam¬ 
eter  is  8i  in.  as  is  the  overall  depth. 
It  weighs  6  lb  and  lists  for  $30. 


13 

Precision  Resistors 

Resistance  Products  Co.,  140  South 
Second  St.,  Harrisburg,  Pa.  have 
begun  to  market  a  new  line  of  wire- 
wound  precision  resistors  designed 
to  meet  the  requirements  of  JAN 
specification  R-93,  RBIO  through 
RB14.  The  non-inductive  windings 


are  made  on  steatite  forms,  covered 
with  an  electrical  varnish  and  baked. 
Tolerances  are  normally  rtl  percent 
but  resistors  within  d=0.1  percent 
can  be  furnished  on  order.  Mounting 
is  by  means  of  a  6-32  machine  screw 
through  the  center  hole.  The  largest 
unit  with  a  resistance  of  2.75  meg  is 
5  by  2^  in.  exclusive  of  lugs. 


14 

Wire  Stripping 

Fairchild  Camera  &  Instrument 
Corp.,  Jamaica,  N.  Y.,  is  now  licens¬ 
ing  the  use  of  its  chemical  solution 
for  quickly  and  harmlessly  stripping 
all  modern  types  of  synthetic  cov¬ 
ered  wires,  no  matter  how  small. 
After  nearly  two  years  of  use,  it  has 
been  found  non-toxic  to  the  worker 
and  in  no  way  chemically  harmful  to 
the  product. 


15 

Alnico  II  Components 

Stackpole  Carbon  Co.,  St.  Marys, 
Penna.,  announces  a  line  of  sintered 


Alnico  II  parts  and  an  engineering 
service  for  production  of  special  com¬ 
ponents. 


16 

V-t  Volt-Ohmmeter 

Clippard  Instrument  Laboratory, 
1440  Chase  Ave.,  Cincinnati  23,  Ohio, 
is  now  producing  the  Model  406  elec¬ 
tronic  volt-ohmmeter. 

A-c  potentials  are  measured  by 
means  of  a  small-diameter  high-im¬ 
pedance  pen-type  dual-diode  probe  on 
a  36-in.  detachable  shielded  cable.  A 
convenient  ground  terminal  near  the 


end  of  the  probe  provides  minimum 
lead  length  for  maximum  accuracy 
of  a-c  measurements  in  all  frequency 
ranges. 

Full-scale  sensitivity  of  0-1,  0-3 
0-10,  0-30,  0-100,  0-300  and  0-1,000 
a-c  and  d-c ;  0-1,000  megohms  in  seven 
ranges  with  ample  overlap  to  elimi¬ 
nate  guess  work  and  a  db  scale  of 
— 20  to  +51  is  provided  on  a  large 
square-faced  D’Arsonval  type  meter 
of  200  microamp  sensitivity.  The  in¬ 
strument  is  housed  in  an  oak  case 
with  folding  leather  carrying  handle. 
Detachable  36-in.  d-c  probe,  ground 
cable,  ohms  probe  and  fused  power 
supply  cable  are  also  standard  equip¬ 
ment. 

Input  impedance  of  the  meter  is 
less  than  7/i|xf,  7  megohms  a-c,  28 


megohms  d-c,  assuring  accuracy  of 
readings  through  all  ranges  with 
minimum  circuit  disturbances. 

Tube  complement  consists  of  one 
6X5GT  rectifier,  and  two  6SN7GT 
dual-purpose  tubes  chassis-mounted 
and  one  6AL5  dual  diode  in  shielded 
probe.  The  instrument  is  calibrated 
to  2  percent  accuracy  in  all  ranges 
with  5  percent  accuracy  guaranteed 
in  the  field. 


17 

Decade  Inductors 

New  York  Transformer  Co.,  62 
William  St.,  New  York  5,  N.  Y.  is 
manufacturing  a  series  of  inductance 
decades  for  use  in  bridge  and  low- 
level  filter  circuits.  They  range  from 
the  Model  211,  0.11  henry  in  steps 
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Where  There  is  Horsepower 


THERE  IS  WIRE 


Coal . . .  Water . . .  Oil . . .  these  are  our  sources  of  power. 
Our  early  use  of  each  of  them  was  crude  and  localized 
and  wasteful— before  the  time  of  electrical  wire. 

Now,  wire  harnesses  horsepower.  Wire  traps  it  at 
Its  birth— even  bringing  about  its  generation.  Wire 
packages  power  and  brings  it  into  our  homes.  Wire 
transforms  power  into  a  thousand  different  charac¬ 
ters.  Wire  focuses— diffuses— interrupts— intensifies— 
splits— graduates  power;  transmuting 
one  energy  to  many  other  forms:  to 
heat— to  light— to  sound— or  back 
again  to  whirling  motion.  Wire  guides 


and  controls  power  and  makes  it  universally  useful. 

The  use  of  horsepower  is  a  many-sided  science,  now 
that  wire  is  here.  Each  specialized  application  has  its 
specialized  wire  counterpart.  The  development  of 
these  wires  is  in  itself  a  scientific  undertaking  ...  a 
challenge  ...  an  achievement ...  a  source  of  pride  for 
the  wiremakers  among  whom  a  pioneering  leader  is 
Belden  Manufacturing  Company. 


Belden 


I 
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of  0.001  h  to  Model  214  with  a  total 
of  110  h  in  steps  of  1.0  h.  The  former 
has  a  Q  of  about  48  at  4,000  cps,  drop¬ 
ping  to  16  at  400  and  15,000  cps.  The 
latter  has  its  maximum  Q  at  about 
200  cps. 


18 

Ionization  Lamp 


miDDJI  UIIDDJl  UIIDDAi  Amglo  corporation,  4234  N.  Lin- 

nUDDII|  nUDDIIy  nUDDAa  coin  Ave.,  Chicago,  Ill.  produces  a 

(East  l■dlaB  for  Ihere  S  ao  SibStitite  .  .  .  it  S  tops)  the  direct  ionization  of  inert  gas 

when  a  concentrated  electron  stream 


Of  course  we*ve  heard  the  popular  expression,  "hubba, 
hubba,  hubbal*'  —  and  perhaps  Micah  is  only  kidding 
when  he  tells  us  it*s  East  Indian  for  *'there*s  no  substitute**. 


Hubba,  hubba,  hubba,  or  not,  there  is  no  substitute  for 
mica  where  mica  is  needed.  Nothing  else  possesses  the 
high  dielectric  properties  of  mica,  nothing  else  lasts  so 
long.  And  while  you're  getting  mica,  there's  no  reason 
why  you  shouldn't  get  the  best  —  for  Macallen  Mica 
costs  no  more. 


is  directed  through  a  closely  wound 
spiral  having  an  open  end.  When 
used  as  a  photoflash  lamp,  it  is  said 
to  produce  a  light  one  hundred  times 
brighter  than  the  sun  for  1/10,000 
second. 


19 

Electrocardiograph 

Electronic  Corporation  of  Amer- 
ICA,  45  West  18th  St,  New  York  11, 
N.  Y..The  Cardiotron  makes  it  pos¬ 
sible  to  record  on  paper  the  minutest 
heart  action  or  variation.  Speed  of 
the  recording  tape  can  be  varied  in 
order  to  expand  or  compress  the 
graph.  An  amplifler  magnifles  heart 
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.  .  .  tUs  greatest  of  test  iastrumeats  has 
beea  tested  iato  top  raakiug  repatatiea 

The  Simi>son  260  has  out-sold  and  out-performed  every  other  even 
remotely  similar  test  instrument  in  the  electronic  and  electrical  fields 
ever  since  its  introduction  in  1939.  Through  the  ensuing  seven  years, 
covering  the  War  period,  circumstances  gave  it  a  gruelling  test  for 
accuracy  never  visioned  by  its  makers.  It  stands  today  as  irrefutable 
proof  that  Simpson  design  and  Simpson  quality  produce  accuracy 
that  stays  in  an  instrument  year  after  year. 

The  demand  for  the  260  from  men  who  first  used  it  in  the  Armed 
Services  (in  laboratories  of  300  government  agencies  and  universities, 
and  on  the  battlefields  the  world  around)  has  now  been  added  to  its 
enormous  popularity  among  radio  servicemen.  The  Simpson  260  is 
easily  the  world’s  most  popular  high-sensitivity  set  tester  for  television 
and  radio  servicing. 

The  basic  reason  for  this  out-selling  and  out-performing  by  the 
Simpson  260  is  this:  It  out-values  every  other  similar  instrument  in 
the  field.  You  cannot  touch  its  precision,  its  useful  ranges,  or  its 
sensitivity  in  any  other  instrument  selling  for  the  same  price  or  even 
substantiidly  more. 

^  SIMPSON  ELiCTRIC  COMPANY 

/  5200-S21I  W.  KiasI*  St..  CMco^o  44.  III. 


SIMPSON  2i0,  HlOH  SSNStTlVITY  SIT  TISTIt 
POR  TILIVISION  AND  RADIO  SIRVICINO 

Hamgmt  to  5000  Toft*— tof*  A.C.  aod  O.C.  ‘ 
20,000  Okm$  por  VoH  O.C. 

1000  0*iii«  por  Volt  A.C. 

At  20,000  ohms  per  Tolt,  this  instrument  is  far 
more  sensidre  than  any  odier  instrument  even  ap* 
proachins  its  price  and  quality.  The  practically 
negligible  current  consumption  assures  remarkably 
accurate  full  scale  voltage  readings.  Girrent  read¬ 
ings  as  low  as  1  microampere  aod  up  to  500  milli- 
amperes  are  available. 

Resistance  readings  are  equally  dependable.  Tests 
up  to  10  megohms  and  as  low  as  Vi  ohm  can  be 
tnade.  With  this  super  sensitive  instrument  you 
can  measure  automatic  frequency  control  diode  bal¬ 
ancing  circuits,  grid  currents  of  oscillator  tubes 
aod  power  tube,  bias  of  power  detectors,  auto¬ 
matic  volume  control  diode  currents,  rectified  radio 
frequency  current,  high-mu  triode  plate  voltage 
and  a  wide  range  oi  unusual  conditions  which  can- 
not  be  checked  by  ordinary  servicing  instruments. 
Ranges  of  Model  260  arc  shown  below. 

Price,  complete  wHb  test  lends . . JSt.2S 

Corrylaq  case . . . . .  4.71 


VoHs  D.C.  (At  20,000  Volts  A.C.  (At  1,000 

ohms  per  volt)  ohms  per  voH)  wmpei 


24 

24 

24  V. 

10 

10 

10  V. 

50 

50 

10  V. 

250 

250 

250  V. 

1000 

1000 

1000  V. 

5000 

5000 

5000  V. 

Milli-  Micro¬ 
amperes  amperes 

Ohms 

D.C. 

10 

100  0-1000  1 

[12  ohms  center) 

100 

0-100,000  1 

(1200  ohms  center) 

500 

0-10  Megohms  i 

(120,000  ohms  center) 

(5  Decibel  raages:  ->10  to  -f 52  01) 

ASK  YOUR  JOtfU 
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I  N  V.ne  St  ,  Hollywood,  Ca 
"m  vS  b7th  St  ,  N.  Y  19,  N  Y 


action  14,000  times.  The  equipment 
is  portable,  housed  in  a  case 
15i  X  Hi  X  9i.  It  weighs  34  lb.  Built 
to  operate  on  116  v  a-c,  it  can  be  used 
on  d-c,.  if  provided  with  a  converter. 


TYPE  4F 

Series  4  design  characteristics'are 
compactness  (1  5/8"  x  1  3/8"  x 
1  5/32"),  speed  2  -  -  3  milliseconds, 
medium  sensitivity  (10  milliwatts 
minimum  -  -  30  to  50  milliwatts 
for  aircraft  performance)  and  pre¬ 
cision.  Moderately  low  cost. 


Shock  Mount 

Robinson  Aviation  Inc.,  Teterboro, 
N.  J.  announces  a  new  type  of  anti¬ 
vibration  mounting  unit  which  in¬ 
cludes  a  damping  system,  a  snubbing 
system  and  electrical  bonding.  Three 


FIVE  YEARS  FROM  TODAY,  will  yoU 
be  in  the  knee-pants  era  of 
radio  or  will  you  be  “up  and 
on  to”  every  new  development? 
The  matter  is  as  pointed  as 
that.  True,  most  receivers  can¬ 
not  reproduce  the  full  range 
of  FM  broadcasts  yet.  But 
soon  they  will. 

MODERNIZE!  Start  now  to  moni¬ 
tor  your  full  FM  range  with 
the  Altec  Lansing  Loudspeaker 
System.  Make  your  improve¬ 
ments  —  your  refinements  — 
now.  So  when  tomorrow  comes, 
you  will  not  just  be  growing 
up  to  standards,  you  will  be 
netting  them.  See  your  dealer. 


Series  5  relays  are  1  3/4*  x  1  3/8" 
X  1  7/16",  extremely  sensitive 
(.0005  watts  minimum  -  operation 
on  input  from  thermocouple) — 
maximum  resistance  to  shock  and 
vibration  —  precise  in  operation. 

Both  Series  available  with  en¬ 
closures  and  plug-in  bases,  and  in 
hermetically  sealed  enclosure. 


standard  sizes  are  available  for  loads 
varying  from  i  to  45  lb.  The  illustra¬ 
tion  shows  the  effect  of  a  vibrating 
test  stand  on  two  units,  the  one  to 
the  left  mounted  on  conventional 
shear-type  unit. 


Other  Sigma  relays  in  produc¬ 
tion,  and  still  others  under  de¬ 
velopment,  include  both  more 
specialized  and  complicated 
types,  as  well  as  simpler  and 
more  economical  designs  for 
both  A.  C.  and  D.  C.  operation. 


m  ALTEC  UNSINfi 
NPLEX  LOUDSPEAKER  SYSTEM 

Both  high  and  low  fre¬ 
quency  units  are  com- 
bined  in  one  horn, 
reproducing  the  entire 
FM  range,  from  50  to 
15,000  cycles,  without 
intermodulation  effects 
or  distortion. 


Production  Heater 

Marion  Electrical  Instrument 
Co.,  Manchester,  N.  H.  The  bench- 
type  induction  heater  now  in  pro- 


Our  Sales  and  En- 
■‘ginccring  Depart- 

)'  ments  arc  ^  at 
your  service. 


LANSING  CORPORATION 


m.AYs 

62  CayloR  Sf.,  BottoR  21.  Mcut. 
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Metaplast  Company,  pioneers  in  metal  coat¬ 
ings  on  non-conductive  surfaces,  announces 
a  great  war-time  development  now  available 
for  general  peace-time  use. 


METHODS  OF  APPLICATION 


•  Screen  printing 

•  Spraying 

•  Painting 


Order  by  the  troy  ounce.  Immediate  shipment 


4^ 


A 


sismisu 


e 


a 


o 


N 


CIRCUIT  PRINTING  with  •yllctafi 


lam 


Of /pet  ^’^efu/ffe/ipe  Oftfn/^ 


USES  FOR  Oie/afiam/ 


•  To  print  electrical  circuits  of  low  cur¬ 
rent-carrying  capacity,  for  connecting 
circuit  elements 

•  To  print  coils  for  FM  and  television 
circuits 

•  To  print  shields 

•  To  spray  shields 
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duction  is  useful  for  small-parts  in¬ 
dustrial  soldering.  Work  coils  for  the 
most  common  types  of  job  can  be 
made  up  without  involved  calcula¬ 
tions  or  need  for  retuning.  The 
equipment  is  contained  in  a  cabinet 
151 X  21  i  X  15  in.  and  weighs  150  lb. 
It  operates  from  a  115-v  60-cps  line, 
drawing  775  w.  The  price  is  $360. 


22 

Recording  Turntable 

Presto  Recording  Corp.,  242  W.  55th 
St,  New  York  19,  N.  Y.  The  new 
14-A  turntable  for  commercial  use 
is  directly  gear-driven  at  either 
78.26  or  83.33  rpm.  Mechanical  vibra¬ 
tion  is  minimized  by  the  use  of  mas¬ 


sive  parts  and  care  in  damping.  The 
motor,  gear  box  and  transmission 
shaft,  for  example,  are  mounted  on  a 
separate  base,  the  whole  assembly 
weighing  160  lb.  The  cutting  head 
mounting  can  be  used  for  either  ver¬ 
tical  or  lateral  recording  at  any  one 
of  five  pitches. 


23 

R-f  Voltmeter 

Ballantine  Laboratories,  Inc., 
Boonton,  N.  J.  The  Model  300  elec¬ 
tronic  voltmeter  can  be  used  from  30 
cps  to  5.5  me  with  accuracies  rang¬ 
ing  between  3  and  5  percent.  The 
voltage  range  is  from  0.001  to  1  v 
in  three  decade  ranges  and  is  ex¬ 
tended  to  10  and  100  v  by  multipliers. 
Input  impedance  is  equal  to  a  resis- 

April  — ELECTRONICS 


Our  24fk  yar  of 
dopeadablo  service  fo 
Amerleon  ledesfrles 


Use  a  solder  that 
will  contribute  to 
the  excellence  of 
your  product 


GLASER  LEAD  CO^  INC. 


.  O  maHer  whaf  you  manufacture,  the 
all-around  excellence  of  your  product  de¬ 
pends  on  the  quality  of  the  materials 
you  put  into  it. 

Because  solder  is  so  extensively  used 
in  the  manufacture  of  radio  sets,  instru¬ 
ments  for  radar,  relays,  tubes,  trans¬ 
formers  etc.,  it  is  important  to  select  a 
brand  of  known  quality  and  proven  de¬ 
pendability. 

In  every  department  of  the  Electronic 
and  Radio  fields,  Glaser  Plastic  Rosin 
Core  Solder  has  given  conclusive  proof 
'of  its  outstanding  quality  —  during  war 
and  peacetime  years. 

More  and  more  of  the  leading  manu¬ 
facturers  throughout  the  country  have 
adopted  Glaser  Solders  as  standard. 
Make  Glaser  Plastic  Rosin  Core  Solder 
a  contributing  factor  to  the  built-in  per- 
fection  of  your  product. 

Specify  “Glaser",  the  name  that 
means  everything  you  can  ask  for  in 
Solders  and  Fluxes. 


Consvlt  ear  Engiaeeriag  Depart¬ 
ment  en  year  Seklering  and  Flax 
'N  preblemt. 


QIator  Platfic  Jtexfa  Cere  solders 
exceed  Gevernmeot  specMeatfeas 
fa  parity  and  are  gearaefeed  fo 
cenferm  with  Class  A 

specMcatfens. 


OTHER 

GLASER  PRODUCTS 

Silver  Braxing 
Solder  aed  Hex 
Plexet  for 
every  purpose 
Lead  Products  of 
every  description 
Lead  Lining  of 
acid  and 
plating  tanks 


BK.njnina.iwi 
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the  new  electronics  BUYERS’ GUIDE 


were  determined  by  questionnaihng  a  cross- 
section  of  the  many  types  of  people  who  will  use  the  Guide.  They 
indicated  the  information  they  want,  need  and  use,  suggested  impor¬ 
tant  listing  breakdowns  and  were  enthusiastic  about  its  vital  useful¬ 
ness.  That’s  why  we  KNOW  the  Guide  will  be  read  .  .  .  it’s  being 
"tailored  to  known  needs'* 


A  NEW  PLAN  has  been  adapted 
for  the  1946  Buyers’  Guide.  For 
the  Subscriber;  it  will  be  an  addi¬ 
tional,  bonus  issue  of  Electronics 
containing  news  and  vital  infor¬ 
mation  of  year-round  value,  plus 
the  most  authentic,  comprehensive 
listing  of  products  ever  attempted. 
For  the  Advertiser;  its  twelve- 
month  usefulness  assures  complete 
readership  by  the  largest  buying 
audience  ever  assembled. 


will  provide  authentic,  easy-to-find  buying  ref¬ 
erence.  All  items  will  be  indexed  with  classifications  broken  down 
where  necessary  for  complete  clarification  to  quickly  answer  the 
question,  ‘‘Who  makes  it  and  where  can  I  buy  it?”  Advertisers’  names 
and  page  numbers  will  be  flagged  in  bold  type  as  the  source  of 
necessary  data  on  which  to  base  purchases  or  make  direct  inquiry. 


Copy  to  prepare:  All  details  must  be 
in  our  New  York  office  not  later  than 
March  15th.  Copy  to  set:  April  1st, 
no  proofs  April  10th.  Complete  Plates: 
May  Ist.  Rates  and  detailed  infor¬ 
mation  can  be  obtained  from  the 
Electronics  representative  in  your 
territory,  or  send  for  the  12  page 
descriptive  folder  illustrated  below. 


^  space  used  in  the  Buyers’  Guide 

should  come  out  of  Catalog  Budgets.  It  is  the  year-round  opportunity 
to  promote  ALL  your  products,  NOT  JUST  ONE.  Expose  them  all 
to  the  buyers  who  will  use  this  Guide.  Purchases  will  be  based  on  the 
data  your  ads  contain,  and  remember  advertisers’  names  and  page 
numbers  will  be  flagged  to  secure  immediate  attention.  Use  the  Guide 
as  your  Salesman- In-Print  to  reach,  daily,  the  buying  readership 
assured  this  valuable  engineers'  data  book.  You  can't  afford  to  miss  it! 


electronics 


330  Wast  42nd  St.  •  Sstoblishad  1930  •  Naw  York  18,  N.'Y, 


electronics 


From  Design  to  Delivery 


Does  it  Better! 

A  complete  transformer  service- from  engineering 
design  to  correaly  cased  unit.  Peerless  transform¬ 
ers,  windings,  reaaors,  and  fluorescent  ballasts  are 
available  or  can  be  produced  in  sizes  and  capacities 
to  meet  your  needs.  Write  for  new  catalog. 

tDmIivmry  IF  You  Ordor  Now  I 


ifTiTTiil 


ELECTRICJiV^^DUCTS  CO. 

4*se  McKINlir  AViNUi 
lOS  ANOilSS  I.  CAlirOtNIA 


tance  of  1  meg  shunted  by  a  capaci¬ 
tance  of  9  jujAf.  Seven  tubes  are  used. 
The  self-contained  power  supply  op¬ 
erates  on  110-120  V  50-60  cps.  The 
meter  is  5x6ixlli  in  and  weighs 
10  lb. 


Mike  Stand 

Universal  Microphone  Co.,  Ingle¬ 
wood,  Cal.,  is  producing  a  new  type 
A31  microphone  desk  stand  with  a 
die-cast  base  and  wooden  handle 


lAiiii 

lv\v\n 

which  is  demountable.  The  micro¬ 
phone  is  attached  to  a  threaded  brass 
ferrule  at  the  top  of  the  handle.  The 
stand  lists  at  $3. 


FAR-MF.TAL  ...  a  specialized  rnanuiacturing 
p!a:it  employing  modern  high-speed  methods. 
N’evertholo.ss,  Par-Metal  products  have  a  defi- 
••itc  "quality  oi  Craftsmanship— a  "handmade” 
.equality  born  of  genuine  skill  and  long 
experience'.  Wrije  /or  Catalog'ie . 


TASjillAi 


PAR-METAL 


PRODUCTS  CORPORATION 


32-62— 49th  STREET _ LONG  ISLAND  CITY.  N.  Y.  13  E.  40th  St.,  N.  Y.  16.  N.  Y. 


25 

R-F  Contactors 

Monitor  Controller  Co.,  Baltimore 
2,  Md.  The  r-f  contactors,  T3rpes  RC 
5710  through  RC  5780  operate  on 
220  V  60  cps  and  carry  up  to  2-mc 
circuits  with  currents  as  -high  as  15 
amp  and  voltages  to  10,000.  Prices 
run  from  about  $42  to  $59  for  various 
contact  arrangements.  The  Type  RC 
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ERNARD  R  ICE'S  S  ONS 
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MANUFACTURERS  OF  QUALITY  METAL  PRODUCTS  SINCE  1867 

OFFICE:  3  2  5  FIFTH  AVENUE,  NEW  YORK  16,  N.Y. 

WORKS:  1  39-1  45  NORTH  TENTH  STREET,  BROOKLYN  11,  N.Y. 


Automobile  With  Wings 


This  comfortable  3>wheel  sedan  is 
garaged  at  home  ready  for  everyday 
use.  For  flight,  its  easily  and  quickly 
attached  wings  and  tail  surfaces  are 
garaged  at  the  airfield. 

Delicate  instruments,  controls  and 
devices  that  make  such  conveniences  a 
fact  are  entirely  dependent  upon  parts 
of  highest  precision. 

Producing  parts  for  all  types  of  close- 


tolerance  requirements  has  been  our 
business  here  at  Ericsson  for  close  on  to 
35  years.  We  are  glad  to  consult  with 
manufacturers  whose  new  designs  are 
more  effectively  marketed  with  close- 
tolerance  parts  produced  ecotmmically. 


{Belau))  Some  of  the  many 
tbousanda  of  our  preci* 
aion  par ta  that  helped  "Keep 
’em  flying  and  fighting.” 


ESTABLISHED  1911 


ERICSSON 

SCREW  MACHINE  PRODUCTS  CO,.  INC 

BRQC«IYS  '  X  - 
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7680  transfer  switch  can  be  used  at 
1  me  and  carries  75  amp  at  15  kv.  It 
measures  12x14x15  in.  The  Type 
RG  5980  can  be  used  at  30  me,  car¬ 
rying  30  amp  and  3,500  v.  It  is 
5x8x134  in. 


A-m  Transmitter 

Raytheon  Manufacturing  Co.,  60 
E.  42nd  St.,  New  York  17,  N.  Y.  The 
first  item  of  broadcast  equipment  in 
a  contemplated  series  is  a  250  w  a-m 
transmitter  with  a  flat  frequency  re¬ 
sponse  from  30  to  10,000  cps.  Low- 


power  stages  are  tuned  by  a  low- 
speed,  motor>operated  clutch  mech¬ 
anism.  The  final  amplifier  has  a 
broad  frequency  response  and  does 
not  require  care  in  tuning.  Air¬ 
cooled  triodes  are  used  throughout. 


Aircraft  Range  Receiver 

Maguire  Industries,  Inc.,  500  5th 
Ave.,  New  York  18,  N.  Y.  The  first 
item  in  a  line  of  aircraft  radio  equip¬ 
ment  to  be  manufactured  by  this 
company  is  the  Model  ARR-1  range 
receiver  to  cover  the  190-420  kc  fre¬ 
quency  band.  A  filter  can  be  switched 
in  during  the  reception  of  voice  an- 
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G-E  LAMINATED  PLASTICS 

FABRICATED  TO  YOUR  SPECIFICATIONS 


G-E  Textolite  sheets,  tubes  and  rods 
are  fabricated  in  an  almost  unlimited  variety  of 
sizes  and  shapes,  and  the  General  Electric 
Company  has  the  necessary  equipment  to  do 
this  rapidly  and  economically — lathes,  saws, 
shears,  punches,  hobs  and  mills  ....  even 
specially  designed  machinery  to  speed  up  and 
lower  the  cost  on  large  production  runs. 

And  because  there  are  over  50  grades 
of  GtE  Textolite  to  select  from,  each  having 
an  individual  combination  of  properties — elec¬ 
trical,  mechanical,  chemical,  thermal — ^you  get 
a  grade  that  fits  your  needs. 

Correctly  machined  and  made  of  the 
right  material  for  your  application,  you  can  be 
assured  that  when  G-E  Textolite  fabricated 
parts  reach  you  they  will  do  the  job. 

Let  us  know  your  requirements.  Write 
to  Section  S-2,  General  Electric  Co.,  Plastics 
Divisions,  One  Plastics  Ave.,  Pittsfield,  Mass. 


m 


G-E  TEXTOLITE  IS  SUPPLIED  IN  THE 
FOLLOWING  FORMS: 


Sheets,  Tebes,  ond  Rods  Molded  Loninoted  Ports 

Fobrkoted  Pwts  Post-Fomed  Loniiiates 

Noneplotes  TranshKent  Loninotes 

Low-Pressore  Molded  Ports 


v-E  T*xtolit«  tubing  is  shown  boing  Ihroodod  to  oxaeting 
mochonicol  and  oloctrical  spocHIcotions  for  radio  coil  forms. 
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SIMPLICITY 


for  the  Electronics  Industry 


IN  the  complete  line  of  General  Electric 
phenolic  plastic  knobs,  you  will  find 
a  wide  variety  of  shapes  and  sizes  to 
blend  in  with  practically  any  type  of 


equipment  design. 


Ru^edly  constructed  for  the  hard  and 


constant  use  that  knobs  receive,  these 


black  phenolic  plastic  types  will  not  only 


prove  more  than,  satisfactory  but  will 


also  add  a  distinctive  touch  to  the  ap¬ 


pearance  of  any  unit.  Write 


Electronics  Department 


General  Electric  Company 


Syracuse,  N,  Y, 


GENERAL 


Flash  Capacitor 


April  — ELECTRONICS 


Tobe  Deutschmann  Corp.,  Canton, 
Mass.  The.  “N-Erg-Y”  capacitor  has 
a  storage  capacity  of  100  watt-sec¬ 
onds  at  a  peak  rating  of  2,500  v  d-c 
and  has  been  designed  for  portable 
flash  units.  Instantaneous  currents 


nouncements.  Operated  entirely  by 
dry  batteries,  the  set  weighs  a  little 
over  3i  lb  and  measures  4 J  x  x  6| 
in.  Without  batteries  or  headphones 
it  sells  for  $29. 


SUN  RADIO  Makes  It  EASY 


j  j  For  You  To  Buy  Parts 

/rnd  mua 

Our  only  address!  The  entire  3rd  floor  c 
^  Duane  Street,  New  York  City.  6,000  sq 
More  room,  more  parts,  more  service. 


Our  only  address!  The  entire  3rd  floor  at  122-124 
Duane  Street,  New  York  City.  6,000  square  feet. 
More  room,  more  parts,  more  service. 

Si*HA(€%  ta 


A  half  million  feet  of  shelves  —  with  radio  com¬ 
ponents  of  every  leading  manufacturer. 

Sim/iUe%  ta  Sticct 


Aircraft  Radio 

Bendix  Radio,  Baltimore  4,  Md.  The 
PATR-10  is  a  five-channel  vhf  trans¬ 
mitter  combined  with  a  range  and 
broadcast  receiver  and  is  designed 
for  the  private  flier.  The  transmit¬ 
ter  section  is  crystal  controlled, 


ntf r  orrrn 

Condensed  chart  of 
Graphical  Symbols  for 
Electronic  Diagrams  os 
standardised  by  the 
RMA  (includes  those  un> 
til  recently  kept  secret). 
Just  osk  for  it  on  your 
letterheod.  Address 
Dept.  R.  0. 


One  phone  call,  one  letter,  or  one  visit  gets 
exactly  what  you  need  —  the  FIRST  time. 

Sim/Ue%  Ca  OteCtft 

Call  SUN  First  —  If’s  Simpler 


using  only  131.9  and  131.7  me  at  this 
time.  The  addition  of  a  loop  antenna 
will  allow  using  the  receiver  unit  as 
an  aural-null  direction  finder.  Pow¬ 
ered  by  a  12-  or  24- volt  battery,  the 
equipment  consumes  42  w.  It  meas¬ 
ures  5  X  7  X  7  in.  and  weighs  7  lb. 


WANTBD-Hi 


T^ansj 

««reinely  low  Jo«  *  ca 

^here  coaxial  chara^eri^^^  <^onducti 
in  a  flexible  cable.  are  requj 


ANSONIA  BUILT  A  GREAT  NEW 
FLEXIBLE  . 

CABLE 
FOR 
NAVY 

RADAR  m-. 


(3)-  ^rvic^biii^'^  under*f  ex-  1  "7 
.1  7s  treme  weather  condidon^^ 

In  cooperation  with  Navy  Engineer¬ 
ing,  Ansonia  helped  develop  a  a61e  i 
answering  these  requirements  r— 
M-I-29 — available  now,  to  jrouj- 

To  the  Navy  this  cable  represented 
high  fidelity  radar  images  and  de¬ 
pendable  service  under  severe  operat¬ 
ing  conditions.  To  you,  1t  may  inean 
clearer  television,  truer  FM  radio 
tone  or  the  solution  of  a  problem  in 


transmitting  ultra  high  frequency 
power  with  low  loss,  since  it  ap¬ 
proaches  coaxial  cable  in  dielectric 
qualities  yet  is  completely  flexible. 

Insulated  with  ANKOSEAL  thermo¬ 
plastic  insulation,  M-I-29  can  be  en¬ 
gineered  and  supplied  to  meet  special 
dielectric  characteristics  and  operat¬ 
ing  conditions.  "Yankee  Ingenuity” 


displayed  in  the  creation  of  this  cable 
is  ready  now  to  help  make  it  meet 
your  particular  needs. 

This  is  one  of  a  complete  line  of 
fob  -  engineered  cables  made  by 
Ansonia.  For  details  on  this  or 
other  cables,  write  Dept.  AL 
The  Ansonia  Elearical  Company, 
Ansonia,  Conn. 


Why  ANKOSEAL  solves  cable  problems 


Ankoseal,  a  thermoplastic  insulation,  can  help  solve 
many  electrical  engineering  problems,  now  and  in  the 
future.  Polyvinyl  Ankoseal  possesses  notable  flame- 
retarding  and  oil  resisting  characteristics;  is  highly 
resistant  to  acids,  alkalies,  sunlight,  moisture,  and 
most  solvents.  Polyethylene  Ankoseal  is  outstanding 


for  its  low  dielectric  loss  in  high-frequency  transmis¬ 
sion.  Both  have  many  uses,  particularly  in  the  radio 
and  audio  fields.  Ankoseal  cables  are  the  result  of 
extensive  laboratory  research  at  Ansonia — the  same 
laboratories  apply  engineering  technique  in  the  solu¬ 
tion  of  cable  problems  of  all  types. 


THE  ANSONIA  ELECTRICAL  COMPANY 


Specializing  in  ** Ankoseal"  a  'Thermoplastic  Insulation 

ANSONIA  CONNECTICUT 


A  WhollyOwned  Subsidiary  of 

Noma  electric  corporation 

QENERAL  OFFICES  •  NEW  YORK,  N.  Y. 

Makers  of  the  famous  Noma  Li^tr — the  greatest  name  in  decorative  lighting.  Manu¬ 
facturers  of  fixed  mica  dielectric  capacitors  and  other  radio,  radar  and  electronic  equipmenL 
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HEXACON 

SOLDERING 

ELECTRIC 

IRONS 


Western 

Electric 


t) 


tagged  for  the  big  jobs ! 


TYPE  P-150 
This  production 


iron  provides  a 


large  reserve  ot 


heat  at  the  right 


temperature 


for  sustained 


production. 


Follow  the  leaders  —  and  you  II  use 
HEXACONI  For  rugged,  heavy  duty  work 
or  for  light,  intricate  work  ...  for  continuous 
V  production  or  hard-to-get  at  work  .  .  .  here's 

F  the  answer.  One  reason  is  ''Balanced  Heat"  — 

dissipating  eicessive  aiement-imparing  heat — and 
minimizing  element  burn-outs  and  tip  replacements. 
Another,  is  their  light  weight,  efficiency  and  depend, 
abiiity. 

LITERATURE  AVAILABLE  — The  complete  HEXACON  line 
of  screw  tip  and  plug  tip  irons  from  40  to  700  watts, 
and  with  tip  diameters  ranging  from  *4"  fo  1%",  is  fully 
illustrated  and  described.  Write  today;  no  obligation. 


HEXACON  ELECTRIC  CO. 

130  W.  CLAY  AVENUE,  ROSELLE  PARK,  N.  J. 


Hydrogen  Thyratrons 

Sylvania  Electric  Products  Inc., 
600  Fifth  Ave.,  New  York  18,  N.  Y. 
The  Type  4C36  and  5C22  hydrogen 
thyratrons  now  available  for  com¬ 
munications  and  industrial  applica¬ 
tions  are  designed  to  include  low  de¬ 
ionization  time,  rapid  switching 


rates,  high  peak  currents,  high  plate 
voltages,  moderate  trigger  require¬ 
ments  and  operation  at  zero  bias. 
The  tube  illustrated  has  the  follow¬ 
ing  characteristics:  heater,  6.3  v, 
9.6  amp ;  peak  anode,  16  kv,  325  amp ; 
average  anode  d-c  current,  200  ma; 
bulb  size,  T-20 ;  overall  length,  10  in. 


Breaker  Switch 

Aireon  Mfg.  Corp.,  Kansas  City, 
Kansas,  has  designed  a  series  of  cir¬ 
cuit  breaker  switches  for  protection 
of  circuits  drawing  15  to  35  amp, 
suitable  for  a-c  or  d-c  use.  The  units 
can  be  furnished  in  water-tight  and 
explosion-resisting  enclosures. 


F-m  Broadcast  Transmitter 

Radio  Engineering  Laboratories, 
Inc.,  35-54  Thirty-Sixth  St.,  Long 
Island  1,  N.  Y.  recently  exhibited  a 
1  kw  f-m  broadcast  transmitter  des¬ 
ignated  the  Model  518-DL.  The  in¬ 
terior  of  the  power  amplifier  cham- 
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as  great  as  1,250  amp  are  possible 
for  more  than  10,000  charge-dis¬ 
charge  cycles.  The  steel  housing 
measures  6i  x  41  x  3i  in.  and  the 
unit  weighs  6i  lb. 


i 


for  Measuring 
Complex 
Waveforms 


^T^HIS  analyzer  offers  the  simplest,most  accurate 
and  most  direct  method  of  measuring  the 
amplitude  and  frequency  of  the  components  of 
any  complex  electrical  waveform. 

It  is  ideally  suited  to  hundreds  of  harmonic- 
distortion  measurements  on  such  equipment  as 
any  type  of  audio  apparatus;  broadcast  receivers 
and  transmitters;  telephone  and  public  address 
systems,  oscillators,  amplifiers  and  other  vacuum- 
tube  circuits;  hum  measurements  in  a-c  operated 
communication  equipment;  harmonic  studies  of 
electric  power  systems  and  electric  machinery; 
induction  studies  on  telephone  lines. 


In  its  essentials  this  analyzer  consists  of  a 
heterodyne-type  vacuum-tube  voltmeter  with  a 
highly  selective  filter  using  three  quartz  crystals. 
At  only  60  cycles  from  resonance  the  attenuation 
is  down  by  75  decibels,  yet  tuning  is  very  easy 
by  virtue  of  the  4-cycle  flat  top  characteristic  at 
resonance.  Standards  for  both  voltage  and  fre¬ 
quency  are  built  into  the  analyzer  and  can  be 
used  to  check  its  calibration  at  any  time. 

The  frequency  range  is  20  to  16,000  cycles  and 
the  voltage  range  300  microvolts  to  300  volts 
full  scale.  The  instrument  is  completely  a-c 
operated  and  has  no  pickup  from  external 
magnetic  fields. 


TYPE  736-A  WAVE  ANALYZER _ $640.00 

WRITE  FOR  COMPLETE  DATA 


General  Radio  Company 

Cambridge  39,  Massachusetts  ' 

90  West  St.,  New  York  6  920  5.  Michigan  Ave.,  Chicago  5  1000  N.  Seward  St.,  Los  Angeles  38 
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Instrument  Parts 

of 

Exceptional  Accuracy 

Let  us  do  that  difficult  job  on  our  PETER- 
MANN  automatics,  supplemented  and  sup¬ 
ported  by  the  finest  Swiss  and  American 
machines  for  maintenance  and  second  op¬ 
erations. 


rpAKE  advantage  of  our  long  experience 
in  producing  parts  of  exceptional  accu¬ 
racy  and  finish,  in  our  fully  equipped  fac¬ 
tory,  manned  by  highly  skilled  operators. 

We  will  be  glad  to  discuss  your  require- 
menfs  or  quote  from  your  blueprints 

INSTRUMENTS  PARTS 
CORPORATION 

TELEPHONE:  OSSININO  2220 

OSSINING,  NEW  YORK 


ber  is  shown  in  the  illustration.  The 
Armstrong  dual-channel  modulator 
is  at  the  left  and  the  power  and  con¬ 
trol  section  to  the  right.  The  equip¬ 
ment  is  designed  for  operation  on 
the  new  88-108  me  band. 


33 

Miniature  Meters 

The  mb  Manufacturing  Co.,  Inc., 
331  State  St.,  New  Haven  11,  Conn., 
has  available  two  series  of  small 
meters;  the  No.  102  mounts  through 
a  1-in.  hole  and  the  No.  152  through 


a  li-in.  opening.-  These  meters  are 
sealed,  have  an  accuracy  of  2  percent 
of  full-scale  deflection  at  any  point 
and  embody  the  features  found  in 
larger  meters  of  the  same  general 
type. 


34 


Metal  Sorter 

Control  Equipment  Co.,  547  Brush- 
ton  Ave.,  Pittsburgh  21,  Pa.  The  ap¬ 
paratus  used  for  determining  the 
composition  of  various  metals  oper¬ 
ates  on  the  principle  of  a  voltage 
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THE  NC-46 

The  new  National  NC-46  Receiver  is  a  fine  per¬ 
former  at  a  moderate  price.  Ten  tubes  in  on 
advanced  superheterodyne  circuit  provide  excellent 
sensitivity  throughout  the  receiver's  range  from  550 
KC  to  30  MC.  Circuit  features  include  cm  amplified 
and  delayed  AVC,  series  valve  noise  limiter  with 
automatic  threshold  control,  CW  oscillator  fmH  sep¬ 
arate  RF  cmd  AF  gain  controls.  The  push-pull  output 
provides  3  watts  power,  and  the  AC-DC  \  ' 
power  supply  is  self-contained.  vjnf 


—NATIONAL  COMPANY,  INC.,  MALDEN,  MASS. 
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being  generated  when  dissimilar 
metals  are  rubbed  together.  Refer¬ 
ence  standards  are  compared  with 
unknowns  and  determinations  are 
made  at  the  rate  of  30  a  minute  in 
production.  There  is  no  destruction 
.  of  finished  parts.*^  The  sorter  re¬ 
quires  less  than  100  watts  at  116 
or  230  V,  25  to  60  cps.  It  weighs  ap¬ 
proximately  30  lb. 


Magnet  Charger 

Radio  Frequency  Laboratories, 
Inc.,  Boonton,  N.  J.  The  first  com¬ 
mercial  version  of  an  instrument 
magnet  charger  developed  during 
the  war  is  now  coming  on  the  market. 
Useful  on  production  lines  or  in  re¬ 
pair  shops,  it  operates  by  the  sudden 
discharge  of  a  capacitor  through  a 


-American 


Beautu 


ELECTRIC  SOLDERING 
IRONS 

are  sturdily  built  for  the 
hard  usage  of  industrial 
service.  Have  plug 
type  tips  and  are  con¬ 
structed  on  the  unit 
system  with  each 
vital  part,  such  as 
heating  element, 
easily  removable 
and  replace- 
In 
from 
watts  to 


No.  33446  —  Cavity  Socket 
Contact  Discs 

New  that  Hie  Secret  daMMcoNen  ties  been 
lifted  frem  Hie  General  Electric  type  G1496 
er  "LipliHiewse"  ultra  hipli  frequency  tube, 
we  can  list  Hie  cavity  centact  disc*  we  have 
been  furniching  te  authorized  customer* 
during  the  past  few  years.  This  set  consists 
of  three  different  size  unhardened  beryllium 
copper  muHiflnger  centact  discs.  Hoot  treat¬ 
ing  insIrucHons  forwarded  with  each  kH  for 
hardening  after  spinning  er  forming  to 
frequency  requirements. 


I  1'^ 


^  tit  ~  • 

•k'  .  ^ 


current  transformer.  A  pushbutton 
control  fires  an  ignitron-type  tube  to 
discharge  the  capacitor.  Secondary 
currents  exceed  15,000  peak  amp. 
There  are  no  exposed  high-voltage 
terminals.  The  unit  measures  7  x  13 
X  17  in.  and  weighs  75  lb.  It  operates 
from  100-120  v,  60-60  cps  lines,  con¬ 
suming  25  w.  Price  is  $490  f.o.b. 


Production  Counter 

The  Autotron  Co.,  Danville,  Ill.  The 
Shadowcount  will  count  up  to  1,000 
items  a  minute  by  means  of  the  in¬ 
terruption  of  a  light  beam  received 
by  a  photoelectric  tube.  Parts  drop 
through  a  chute  past  the  light 
beam  and  need  not  necessarily  be 
spaced  in  order  to  resolve  the  num- 


TURE 

TING  W 

STAND  a 

it  a  thermo- 
rally  con-  V 

for  m 

agwiuiiwii  of  1 

mperoture  } 

electric  soldering 
When  placed  on 
connected  to  this 
iron  may  be  main- 


VHIe  fer  Cbfdbg  Skooli 


AMERICAN  ELECTRICAL 
HEATER  COMPANY 

DETROIT  2,  MICH.,  U.  S.  A. 
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FINGER  TIP  CONTROL 
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Finger  tip  control  of  cylinder  speed  for  regu¬ 
lating  voice  pitch  is  provided  by  means  of  an 
S.S.White  Remote  Control  flexible  shaft  in 
the  Edison  Miracle  Secretarial  Ediphone.  Al¬ 
though  the  shaft  makes  a  90°  bend  in  a  short 
radius,  a  quick,  sensitive  adjustment  of  the  fly- 
ball  governor  is  made  by  the  typist  with  a 
minimum  effort  of  thumb  and  finger  tips  on 
the  knurled  knob.  In  the  words  of  the  chief 
engineer,  "this  application  provides  a  smooth 
range  of  speed  control  with  facility  of  adjust¬ 
ment  equal  to  that  of  a  micrometer." 


Where  smooth,  accurate  control  is  needed 
in  electronic  and  related  equipment,  an 
S.S.White  Remote  Control  flexible  shaft  is  a 
simple,  easily  applied  way  to  get  it.  It  will  pay 
every  engineer  to  be  familiar  with  the  wide 
range  and  scope  of  S.S.White  flexible  shaft 
applications.  • 

FREE  HANDBOOK 
FOR  ENGINEERS 

Full  details  of  S.S.White  Flexi¬ 
ble  Shafts  and  their  applica¬ 
tion  are  contained  in  the  256- 
page  Flexible  Shaft  Handbook. 

A  free  copy  will  be  sent  to 
any  engineer  who  writes  for  it 
on  his  business  letterhead  and 
indicates  his  position. 


INOUSTKIAL 


THE  s.  s.  WHITE  DENTAL  MFC.  CO.  m  m  DIVISION 

.DEFT.  I.  10  EAST  40th  $T.,  NEW  TOtK  16.  N.  V._ 
PUXfMI  SHArrS  •  niXIMI  snah  tools  •  aircraft  accissoriis 

SMALL  CUTTINO  AND  GRINDING  TOOLS  •  SPiCIAL  FORMULA  RURRfRS 
MOLOiD  RfSISTORS  •  PLASTIC  SPfCIALTICS  •  CONTRACT  PLASTICS  MOLDING 

;4m€niceCA  AAAA  ^^HeUuttUU 
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It  Costs  You  Los 
I  Pay  (i 
Cittlo  More  For 

SlUCOCKS-MiiitR 
PWSTIC  NAME  PIATES 


SOUND  and 
COMMUNO- 
PHONE 

Equipment  ,, 


BOGEN  SOUND  SYSTEMS  •  AMPLIFIERS 


COMMUNO-PHONES  •  ELECTRONIC  EQUIPMENT 


ber  of  objects.  Several  types  and  ac¬ 
cessories  are  available  to  convert  the 
basic  counting  mechanism  to  special 
tasks.  The  cabinet  size,  not  includ¬ 
ing  hoppers  or  other  external  feeding 
apparatus,  is  10  x  12  x  9  in. 


INTER-COMMUNICATION 
AND  PAGING  SYSTEMS 
For  Every  Requirement 


Mixer  Control 

Cinema  Engineering  Co.,  1610  W. 
Verdugo  Ave.,  Burbank,  Calif.,  has 
designed  a  new  mixer  control  which 
is  said  to  reduce  contact  noise  to  a 
low  order.  It  uses  a  wedge-shaped 


With  its  reputation  for  quality 
earned  over  the  years,  and  more 
recently  its  importance  in  war,  spe¬ 
cification  of  BOGEN  inter-com¬ 
munication  and  paging  equipment  is 
your  guaranty  of  functional  effici¬ 
ency  and  dependability. 

The  BOGEN  line  is  diversified  and  com¬ 
plete,  with  units  and  systems  to  meet 
every  particular  need ;  economy  features — 
including  installation,  maintenance,  and 
service — assure  self-amortization  in  a 
short  time.  Investigate  BCXjEN  today; 
complete  details  on  request. 

Address  inquiries  to  Department  D 


The  nameplate  that  identifies 
your  product  should  reflect  the 
quality  you  build  into  it. 

Recognizing  this,  manufacturers 
all  over- the  country  have  made  Sill- 
cocks-Miller  their  source  for  name¬ 
plates  fabricated  of  plastic.  These 
companies  know  that  quality  is  a 
tradition  here  at  Sillcocks-Miller  .  . . 
that  every  job  must  conform  to  our 
rigid  standards  of  accuracy  and  per¬ 
fection. 

From  long  experience,  our  en¬ 
gineers  can  readily  meet  your  name¬ 
plate  requirements.  There  is  no  lost 
motion,  no  delavg  to  you  because  of 
“trial  and  error”  production. 

That’s  what  we  mean  when  we  say 
it  costs  you  less  to  pay  a  little  more 
for  Sillcocks-Miller  quality. 

I-  "HI  Write  for  complete  details 


Inter  •  communi* 

Unit 

tions.  Two 
Volume 

Remotes  can  re- 
ply  at  distance 
of  20  to  30  feet 
from  their  unit.  No  need  to  interrupt  routine 
or  work.  Other  models  provide  group  and  all 
call  features. 

tM«  ttANOAto  or  etarotMANCt 


roller  riding  on  a  plastic  arm  to 
make  contact  between  the  resistance 
wire  and  a  metal  track.  Models  No. 
3182  and  1047  ladder-type  attenu¬ 
ators  are  provided  with  this  mechan¬ 
ical  improvement. 


Exposure  Control 

SiDWARD  Products  Co.,  261  Broad¬ 
way,  New  York  7,  N.  Y.,  produces  an 
integrating  light  intensity  control 
weighing  6  lb  which  measures  ex¬ 
posures  from  i  sec  to  45  min.  The 


Winiii  III . .  ii/>»iiiii 

^DavUFBogm  CO.INC. 


II  WmI  Nrfcw  Avnm,  isylwnil,  R.  1. 
MaiNii  AMrttt:  SwHi  OfM|«,  N.  1. 
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SftCIAlllTS 

PLASTICS 

tlCMNICAl 


April  fWtf  — ELECTRONICS 


. ./ 


They  wanted  a  metal  to  pull 


In  developing  the  Proximity  Fuse,  Problem  One  was  to 
design  a  5>tube  radio  transmitter  and  receiver  small 
enough  to  fit  into  a  shell  nose.  Problem  Two  was  to  en¬ 
gineer  the  unit  to  withstand  physical  shocks  and  strains 
never  before  encountered. 

There  was  the  smashing  impact  of  the  initial  discharge. 
There  was  an  accelerating  force  greater  than  15,000  times 
gravity.  There  was  the  terrific  centrifugal  force  imparted 
by  barrel  rifling. 

Yet .  .  .  aside  from  size,  the  tiny-  tubes  that  formed  the 
^^brains'*  of  the  fuse  did  not  differ  much  from  those  used 
in  home  radios. 

As  in  conventional  tubes,  most  had  elements  of  Nickel. 

The  low  gas  content  of  Nickel  meant  easy  evacuation 
and  no  impairment  of  vacuum  during  use.  ( An  important 
feature  with  so  little  surface  area  available  for  getter'* 
action.) 

In  addition.  Nickel  could  resist  deterioration  in  fab¬ 
rication  and  withstand  high  evacuation  temperatures 
without  distortion. 

Moreover,  Nickel  supplied  all  the  required  electronic 
and  electrical  properties. 

Finally,  and  of  very  great  importance.  Nickel  could 
be  worked  in  the  extremely  small  sizes  needed. 


Wh«fi  you  hav*  a  m«tal  s•l•ctien  prebUm,  investigate  Nickel 
and  high-Nickel  alloys.  They  are  workable  metals  offering 
a  hard>to<find  combination  of  properties  for  electronic 
applications.  Write  for  the  new  “Inco  Nickel  Alloys  for 
Electronic  Uses**  which  gives  you  the  data  you  want  on  the 
composition  and  characteristics  of  13  Nickel  alloys  to  solve 
electronic  problems. 

the  international  nickel  company,  INC 

67  Wall  Street,  New  York  5,  N.  Y. 


ALLOYS 
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MERIT  COIL  &  TRANSFORMER  CORP 


1  .oni;  ik'acli  a  1  1 


CHICAGO  40,  ILL 


4427  North  Clark  St 


NEW  and  Ready  for 


FREE 

SeitcC  it 

NOW 


unit  can  also  be  made  to  actuate  a 
camera  shutter.  Twenty  watts  of 
power  at  115  v  60  cps  is  required  to 
operate  the  equipment  which  meas¬ 
ures  8  X  8  X  8  in.  The  phototube  hous- 
ing  is  llx  lix4  in. 


Coil  Mounting 

Tinnerman  Products,  Inc.,  2106 
Fulton  Road,  Cleveland  13,  Ohio,  has 
just  announced  a  new  secure  mount¬ 
ing  for  coil  forms  in  radio  chassis 


WE  WOULD  LIKE  TO 
SEE  YOU  AT  THE 

1946 

Radio  Parts  aad 
Electroaic  Eqoipneat 
Coafereace  aad  Show 

tOOTH  NO.  52 
STEVENS  HOTEL. 
CHICAGO 

55;^^  MAY  n-U 


assemblies.  The  fasteners  are  avail¬ 
able  for  mounting  ^  and  i  in.  forms 
to  panels  of  various  thicknesses. 
Samples  are  available. 


Control  Relay 

Allied  Control  Co.,  Inc.,  2  East 
End  Ave.,  New  York  21,  N.  Y.  The 
type  CR  relay  is  light  in  weight  but 
has  contacts  capable  of  carrying  15 


LARGEST  AND  MOST  COMPLETE 
STOCKS  •••  Umler  One  Hoof 

You’ll  find  this  new  Buying  Guide 
extremely  helpful  and  valuable  today! 
Places  over  10,000  items  at  your 
finger  tips— for  research,  mainten¬ 
ance  and  production.  Includes  parts, 
tubes,  tools,  books,  test  instruments, 
public  address  and  communications 
equipment.  Concentrates  all  leading 


makes  here  in  one  large  central  stock 
to  give  you  faster,  more  efficient,  more 
complete  service— saves  you  time, 
work  and  money.  Whatever  you 
need  ...  it  pays  to  check  with  Allied. 
Write,  wire  or  'phone  Haymarket  6800, 


833  W.  Jackson  Blvd.,  Dept.  24-D-6,  Chicago  7,  Illinois 


SAVE 


For  many  years 


Automatic  has  manufactured 


#  '  Coils  and  Trimmers  for  manufacturers 

Our  mass-production  methods 

will  save  you  money  and  headaches. 

Order  your  Coils  and  Trimmers  from 
people  who  *'know  how". 


nt/romric  \ 

MAWl/FACri/ffi/VG  J 

_PRODIICTION  COILS  &  MICA  TRIMMER  CONDENSERS 

****’'  - - -  AST  NEWARK,  N.  J. 


USE  STANDARD  PARTS-SAVE  TIME  AND  MONEY 
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A  major 
advancement 
in  the 

recording  blank 
field . . . 


GUARAKTEE 


GOUID-MOODY 

ALUMINUM 
RICOROING  BLANKS 

•  •  •  cif  no  IficrMS# 
in  prkmi 


After  prolenRed  reteorck  oed  eiperi* 
iMutotioii.  we  hove  letrodweed  tediee« 
leflicol  Imprevemeett  into  “Hack 
Seal"  blaeks  tkot  net  only  iecreoM  life 
•poe,  bet  materially ^eehoMce  tbe  otber 
finer  ckaracteri«tics‘ of  tbete  blanks. 
And  to  positive  ore  we  of  the  worth 
of  these  perfected  “Black  Seals"  that 
we're  otf^no  them  to  yoe  on  an  em 
conditional  ten-year  gworantee  basis. 

You  can'f  afford  to  bo  a 
rooordhg  holaHonltt  •  •  • 

"Black  Seal"  blanks  will  not  rip  «p, 
disintegrate  or  powder  ofter  the  first 
playing  if  kept  in  storage  for  ony 
long  period  of  time.  Yoe  ore  in  no 
donger  of  losing  voiuoble  recordings 
in  what,  ep  entil  now,  you  have  con¬ 
sidered  your  safe  library  of  recording 
bionks.  No  matter  hew  weil  you  may 
be  satisfied  with  your  present  bianb, 
you  con't  afford  to  be  a  recording 
isolationist.  Try  "Block  Seals"->-if,  for 
any  reason  whatsoever,  you  oren't 
satisfied,  return  them  ot  our  expense. 


m  GOULD-MOODY  CO. 

395  BROADWAY  NEW  YORK  13.  N.Y. 


available  is  a  new  series  of  Sub- 
Ouncer  transformers  so  far  used 
only  in  military  equipment.  Coils 
are  uniform  layer-wound  of  Formex 
wire  on  a  molded  nylon  bobbin.  Re¬ 


sponse  of  standard  types  is  within 
±3  db  from  200  to  6,000  cps.  The 
five  tjrpes  available  immediately 
measure  A  x  S  x  i  in.  and  weigh 
h  oz. 


42 

Jewel  Bearing 

Marion  Electrical  Instrument 
Co.,  Manchester,  N.  H.,  has  devel¬ 
oped  a  new  jewel-bearing  assembly 
for  D’Arsonval  instruments.  It  con¬ 


sists  of  a  metalized  boro-silicate 
glass  V  jewel  which  is  induction- 
soldered  into  position  to  replace  the 
conventional  screw  setting  and  jew¬ 
els.  The  new,  simplified  assembly  is 
shown  at  the  left. 


43 

Conductivity  Cell 

Industrial  Instruments,  Inc.,  17 
Pollock  Ave.,  Jersey  City  5,  N.  J. 
The  tjrpe  CEL-F  wand-type  cell  can 
be  safely  immersed  in  a  vat  or  tank 
and  withdrawn  after  the  reading  is 


Improvod  and  Standard  Typo 
Microphono  Jocks  and  Plugs 


Solid,  silver  plated  contact  coupling  con 
be  unscrewed  completely  for  soldering. 


Model  M-161 

Chassis  mounting,  solid  silver  plated 
contact.  Milled  flat  prevents  turning. 


Model  M-170 

Motes  with  Model  M-1 51  ond  M-1 50 
standard  solder  contact. 


Model  M-1 60 

Chassis  mounting  standard.  Solder 
contact. 


Model  M-1 50 

Standard  solder  contact.  Meries  with 
Models  M-170,  M-161,  and  M-1 60. 

PRICE  AND  DEUVERY, 
UPON  REQUEST 
SEND  FOR  OUR  LATEST 
BROCHURE. 


KINGS  ELECTRONICS  CO. 


37S  OABMN  AVI.  ■MMULYN  ib  NIW  VWK 
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MINIMUM  FRICTION  •  SILENT  •  CONSTANT  SPEED 
LONG  LIFE  •  TROUBLE-FREE  OPERATION 

RELIABILITY  of  operation  is  the  prime  rediufsite  of  a  good  record  changer.  New  and  more 
efficient  features  have  been  added  to  the  complete  line  of  SEEBURG  RECORD  CHANGERS 
. . .  but  only  after  these  features  were  given  exhaustive  laboratory  and  field  tests  .  .  .  for 
RELIABILITY  is  the  quality  that  is  built  into  all  SEEBURG  RECORD  CHANGERS.  Years  of 
trouble-free  operation  in  actual  use  is  the  best  proof  that  SEEBURG  RECORD  CHANGERS 
are  Always  Reliable — All  Ways! 


SEEBURG 


RECORDER 


The  SEEBURG  WIRE  RECORDER  is  a  revolutionary  new  recording  and  reproducing  instrument.  The 
versatility  af  the  SEEBURG  WIRE  RECORDER  readily  lends  itself  to  practical  uses  in  the  commercial, 
legal  and  entertainment  fields.  One  simple  control  knob  operates  the  SEEBURG  WIRE  RECORDER  to 
record  and  reproduce  speeches,  plays,  meetings,  music,  radio  programs,  etc.  There  are  no  needles 
or« discs  used. 


(imodo**  I 
Iheref®'* 
id  rodio  r 


DEPENDABLE  MECHANISMS 


BARKER  & 
WILLIAMSON 


MINIATURE 
R-F  INDUCTORS 

B  &  W  MINIDUCTORS 
meet  the  fast>growing  need 
^  for  finely-made  miniature 

**^^*r^*  *  modern  high-fre- 

i>«Mnt*r  quency  services.  Sundard 
High-FrtqiMncy  diameters  range  from  1/2 
**•••  to  l»/4\  AIR-WOUND 

construction  assures  an  amazingly  high 
Q  characteristic.  Miniductors  are  sup¬ 
plied  in  any  length  and  for  any  type  of 
mounting.  Coupling  links  and  other 
features  as  required.  Write  for  Bulletin. 


determined  from  an  associated  con¬ 
ductivity  bridge.  It  takes  the  form 
of  a  Pyrex  wand  measuring  approxi¬ 
mately  1  in.  outside  diameter  by  20 
in.  long. 


Cardioid  Mike 

Electro-Voice,  Inc.,  1239  South 
Bend  Ave.,  South  Bend  24,  Ind.  The 
Model  950  Cardax  microphone  has  a 
dual  frequency-response  selector  and 
an  on-off  switch.  Its  cardioid  re- 


GENERAL  PURPOSE 
ROTARY  COILS 

From  inidget  sizes  only  a  few  inches 
long  with  dual  opposed  windings  or 
bther  special  futures  to  giant  units  for 
transmitting,  dielearic  heating  or  other 
uses  B  &  W  Roury  Coils  providing  con¬ 
tinuous  adjustment  throughout  the  en¬ 
tire  length  of  the  winding,  are  supplied 
in  a  wide  variety  of  types.  Submit  de¬ 
tails  of  your  application  for  recommen¬ 
dation  by  B  &  W  engineers. 


Prompt  delivoiY  from  Ifco 

largest  stock  in  the  natloul 

Screws  . .  .  nuts  .  .  .  washers  .  • . 
pins . . .  Allmetal  carries  the  largest 
stock  in  the  country  of  stainless 
steel  fasteners  and  screw  machine 
ports.  We  also  have  facilities  for 
heading,  tapping,  drilling,  ream* 
ing,  slotting,  turning,  stamping, 
broaching  and  centerless  grinding 
.  .  .  and  we  work  not  o^y  with 
stainless  and  moneL  but  also  with 
duralumin,  aluminum,  brass, 
bronze,  or  any  other  non-corrosive 
metaL  All  ports  produced  to  close 
tolerances.  Write  for  our  catalog 
today.  AUmetal  Screw  Products 
Com  33  Greene  St,  New  Yoric. 


WISE 

WOUND 

INDUaORS 


sponse  allows  greater  gain  to  the 
loudspeakers  of  a  public  address  sys¬ 
tem  without  feedback.  Equipped 
with  a  built-in  connector,  f  in.-27 
thread  and  20-ft  cable,  the  new  mike 
lists  at  $37. 


Thic  aew,  fS-pee* 
catcdea  h«lpz  yoo  ae* 
Uct  tM  eitnct  dw 
and  typ*  of  noo-eoc- 
resivo  fastoaing  da* 
vico  for  any  paxueoln 
job.  lacludoa  alodt 
•isoa.  apociola  (M 
can  bo  mod#,  aagi- 
nooring  data,  ate. 
Mako  roquoat  on  com* 
pony  lottorhoad. 


Furnished  in  diameters  from  to 
upward  of  10".  Minimum  size  of  cop¬ 
per  strip  3/16"  X  .050";  maximum 
1"  X  .250".  Inside  or  outside  mountings 
available,  plain  or  upped  coil  styles. 
Roury  or  continuously  adjustable  units 
supplied  with  either  inside  or  outside 
conucts.  Write  for~  details! 

WE’LL  MATCH 'any  , 

INDUCTOR 
REQUIREMENT 


Literature. 


Dry  Plate  Rectifiers.  Selenium 
Corp.  of  America,  1719  West  Pico 
Blvd.,  Los  Angeles  15,  Calif.  Cata¬ 
log  B  presents  a  fairly  complete 
sketch  of  selenium  rectifiers  from 
the  discovery  of  the  basic  metal  in 
1817  up  to  a  summary  of  new  de¬ 
velopments  on  page  34.  The  pages 
between  are  full  of  circuits,  specifi- 


Oapt.  l-di,  235  Foirfiald  Avtnua' 
Uppar  Darby,  Ponno. 


1 
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RnoncoR 

TUNER 


'K^l 


#  Typical  example  of  Micro-Ferrocart's  precision-engineering  is  the  Radacor 
Model  T1 1  Tuner  shown  here.  Sturdily  constructed,  simply  designed,  this  highly 
efficient  component  was  evolved  to  help  solve  your  present-day  problems  of 
procurement  and  engineering. 

#  If  you  are  interested  in  this  newest  of  Micro-Ferrocart  components,  or  if 
you  contemplate  the  manufacture  of  any  product  that  involves  electronic  or 
mechanical  powder  metallurgy,  why  not  write  to  us  today.  The  engineering 
skill  that  has  created  for  Micro-Ferrocart  its  reputation  for  Equality  in  pro* 
duction*'  is  at  your  service. 


ELECTRONIC  I  MECHANICAL  POWDER  METALLURGY 


iMm^EERRvCIlARJi 


MAGUIRE  INDUSTRIES.  INC.,  375  FAIRFIELD  AVE.,  STAMFORD.  CONN. 
electronics  — >Lpri7  1946 
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BIG  AN.  important 


The  new  Gothard  Indicator  Light 
Assemblies  Catalog  is  bigger  and  bet- 
ter  than  any  similar  catalog  ever 
published.  It  offers  a  wealth  of  scien* 
tiiic  data,  which  will  greatly  aid  you  in  selecting  the  right 
assembly  for  your  industrial,  household  appliance,  radio  or  other 
applications.  It  also  illustrates  and  describes  the  largest  selec¬ 
tion  of  Underwriters  approved  assemblies  fot  any  voltage  and 
style  of  miniature  lamps  and  built-in  resistor  assemblies  for 
neon  lamps.  Here  is  the  latest  data  published  on  Indicator  Light 
Assemblies — ask  for  your  copy  immediately. 

MANUFACTURING 

COMPANY 

^  2114  CLEAR  LAKE  AVENUE,  SPRINOFIELD^  ILLINOIS 

EXSOBT  DIVISIONt  2S  WARRiN  STREET  •  NIW  YORK  7,  N.  V. 


nm  fumim 

namuL  mti 


PHENOL  AND  VULCANIZED 

FIBRE 

FABRICATIONS 


FOR 

INDUSTRY 


CNSiseeriRg  asd  astesMmg  time 

id  In  prs Mwilnary  pkmnlng  Is  iRrscHy 
ole  le  sPcIsncIsi  effected  In  the  blve- 
s.  By.  deslgnlnf-in  BABI  Bbre  fobrlco- 
•sHier  your  ptedect  Is  Instremenl,  mo- 
pllonce  er  egelpmsnt  the  ntssost  In 
strenni' lining  b  mssered.  FerMier,  Hie 
•dvontoges  ef  Hie  nwterlnl  ecceiolely 
stanaped,  pencfced,  Mlled,  milled  er 
4AEB  crnfismen  nddi  a  meosere 
e#  dependability  wider  venfing  service  cendMens. 


N.S. BAD  COMPANY,  9-IIMiDNIC0MERYSTvHIUSI0E,N.J. 


cations,  and  descriptions  of  uses  to 
which  cataloged  items  can  .be  put 


News  Digest.  General  Electric  Co., 
Schenectady,  N.  Y.,  publishes  a  quar¬ 
terly  News  Digest  reporting  activ¬ 
ities  and  developments  in  the  com¬ 
pany;  not  a  technical  publication. 


Nickel.  International  NickeF  Co., 
Inc.,  67  Wall  St.,  New  York  5,  N.  Y. 
List  A  contains  an  index  of  current 
papers  on  the  uses  and  properties  of 
metals,  including  one  of  interest  to 
the  ceramic  industry. 


Components.  Aircraft  Radio  Corpo¬ 
ration,  Boonton,  N.  J.  In  addition  to 
preliminary  data  on  microwave  com¬ 
ponents  and  aircraft  communica¬ 
tions  equipment,  bulletins  are  avail¬ 
able  covering  fasteners,  multi-con- 


%•  A 


tact  plugs  and  receptacles,  switches, 
d-c  relays,  sealed  capacitors,  chokes 
and  transformers  and  variable  air 
capacitors  suitable  for  transmitting 
or  receiving  equipment. 


Direction  Finders.  Sperry  Gyro¬ 
scope  Co.,  Inc.,  Great  Neck,  N.  Y. 
Publication  15-43  describes  an  air¬ 
craft  radio  direction  finder,  listing 
specifications  and  tests  taken  by 
CAA  approved  methods. 


N<Hnographs.  Federal  Telephone 
and  Radio  Corp.,  Newark  1,  N.  J- 
A  folder  containing  technical  data 
in  the  form  of  single  sheets  will  be 
found  useful  to  engineers  interested 
in  determining  such  information  as 
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Industry’s  "New  World 


High  Vacuum  ojfers  to  industry  a  vast  new  area,  virtually  un¬ 
explored.  INo  one  knows  its  extent  or  its  resources.  INo  one  can 
say  what  opportunities  are  there  for  your  industry.  T^o  one  can 
tell  you,  hut  7>Jational  Jlesearch  Corporation  can  help  you  find 
out  as  it  has  helped  many  others.  Jt  can  furnish  the  technology 
and  equipment  as  it  did  for  the  wartime  production  of  SMagnesium. 

In  1938  the  United  States  produced  2,400  tons  of  Magnesium 
while  Germany  made  six  times  as  much.  As  the  war  progressed, 
the  demand  for  aircraft  and  incendiary  bombs  increaised.  Magne¬ 
sium  had  become  a  fighting  metal. 

As  this  country  became  increasingly  involved  in  war.  Magne¬ 
sium  became  a  strategic  material  that  must  be  produced  in  quanti¬ 
ty  —  at  any  cost.  There  was  no  time  to  debate  processes.  From 
1940  to  1942  OPM  and  WPB  built  14  plants  using  four  basic 
methods  never  before  cried  in  this  country.  In  1943,  183,000 
tons  of  Magnesium  were  produced. 

While  three  of  the  new  processes  struggled  with  problems  of 
large-scale  production,  WPB  turned  to  the  National  Academy 
of  Science  for  further  recommendations  and  was  directed  to  the 
Canadian  National  Research  Council  and  the  Dolomite -Ferro- 
silicon  process,  then  developed  on  a  laboratory  scale  by 
Dr.  Lloyd  M.  Pigeon. 

In  this  process  Magnesium  is  vaporized  from  briquenes  at 
temperatures  from  1100®  to  1150®  C  and  pressures  of  about 
10-2  mm.  Hg.  The  vaporized 

metal  is  crystallized  in  cooled  .  A  w  ^ 

cylinders.  While  the  process  ap-  flHj 

peared  to  be  the  simplest  of  all  emm 


the  methods,  it  was,  in  practice,  harassed  by  grave  difficulties, 
not  the  least  of  which  was  the  maintenance  of  high  vacuum  on 
an  industrial  scale,  hitherto  undreamed  of. 

At  the  request  of  WPB,  National  Research,  under  a  DPC  re¬ 
search  contract  (Plancor  708),  was  given  the  task  of  solving  this 
vacuum  problem,  then  the' largest  industrial  project  involving 
pressures  in  the  micron  range. 

Six  weeks  after  receiving  the|assignment  we  had  a  pilot  plant  in 
operation.  During  the  following  four  months  we  designed  large 
diffusion'pumps  to  improve  the  yield  and  shorten  the  cycle,  devel¬ 
oped  recording  gauges  for  process  control  and  evolved  vacuum 
engineering  techniques  of  value  in  the  design  of  the  larger  plants. 

Deliveries  of  equipment  were  made  for  a  full-scale  plant  al¬ 
ready  building  in  Canaan,  Connecticut,  for  the  New  England 
Lime  Company.  Of  all  the  Magnesium  plants  begun  in  wartime, 
some  completed  before  we  were  given  our  assignment,  this  was 
the  first  to  be  in  production.  Later  equipment  was  supplied  to 
others,  including  Ford  at  River  Rouge. 

Jt  has  been  said  of  the  Dolomite- CFerrosilicon  process  that  it  was 
“the  'most  spectacular  development  of  the  war"  and  "the  primary 
candidiUe  for  postwar  scrapping".  JiJMtever  its  fate,  we  are  proud 
of  the  work  that  we  did  in  making  it  guickly  practical.  This 
is  typical  of  the  sort  of  engineering  that  has  to  ojfer — 

the  sort  of  service  that  you  may  expect  from  us  when  you  explore 
|^■||||||  the  new  world  of  high  vacuum. 

'  national  research 

corporation,  Boston 

*  Massachusetts. 


Rdort  _ 

Ti't  en^ntrr  plant  hutallations  and  mannfacture  Jli^ 

Tdcrntm  Qan^.  Tallies.  Seals,  Vijfnsion  Pnmps,  Stills, 

Jnmaces,  Coating  Eifmipment  and  Tkbjdratlon  E^nipnunt. 

=^HIGH  VACUUM  FOR  INDUSTRY 


NATIONAl\\R£SEARCH  CORPORATION 


E  MG  HME  E  IKn  M  ffi 
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is  now  delivering 
reasonable  quantities  of 

ALTEC  LANSING 

FM  MONITORING  EQUIPMENT 
and 

RECORDING  AMPLIFIERS 


DMign^d  in  th«  famous  AHoc  Lansing  Holly¬ 
wood  kiberatorios  for  film  rocording.  Takos 
tho  guoss  work  out  of  FM  . . .  tho  only  oquip- 
mont  of  its  kind.  HARVEY'S  oxporioncod  staff 
can  answor  tochnical  quostions  and  odviso 
on  installation. 


the  attenuation  in  square  wave 
guides,  power  dissipated  in  water- 
cooled  devices,  and  paint  require¬ 
ments  for  various  shaped  pieces. 


604  DUPLEX  SPEAKER 

. .  .combining  high  ond  low  frnqunncy  nnitt  in 
on*  horn,  •liminoting  intormodulotien  ofFecti 
and  diitorlion  through  FM  rang*,  50  to  50,000 
cyclot.  With  Dividing  Notwork,  $2S0.00 


A-323  AMPLIFIER 

...compact,  6>tub*,  18>watt  linoor  ompli* 
fl*r,  d*tign*d  for  oporotien  with  th*  Duplox 
ip*ok*r  from  low  l*v*l  phonograph  pick-upt, 
microphon*«  or  rodi*  tun*r«. 


Without  input  troniformor;  hfgh  im> 
podonc*  input  . $111.00 

With  input  tronsformor;  30,  250  and 
•  500  ohms  impodonc* . $1SI.OO 


r«EBV 


T*l«plioiM 


LOngocr*  3-1000 


new  No.  1010  comparison  and  limit, 
bridge  useful  in  production  testing 
of  components.  The  instrument 
sells  for  $150. 


Temperature  Control.  H-B  Instru¬ 
ment  Co.,  2519  N.  Broad  St.,  Phila¬ 
delphia  32,  Pa.  Catalog  No.  14  con¬ 
tains  16  pages  of  illustrations  and 
details  of  temperature  control  for 
ovens,  heating  baths  and  refriger¬ 
ants. 


Ceramic  Capacitors.  Electrical  Re¬ 
actance  Corp.,  Franklinvile,  N.  Y., 
has  just  published  a  bulletin  to  de¬ 
scribe,  according  to  JAN  specifica¬ 
tions,  its  line  of  type  CN  capacitors 
with  parallel  leads. 


Marine  Electronic  Equipment.  Gen¬ 
eral  Electric  Co.,  Schenectady  5, 
N.  Y.,  will  send  a  non-technical  16- 
page  buletin  about  electronic  aids 
to  navigation  to  anyone  interested 
in  depth  finders,  direction  finders  or 
radar-type  lookout. 


% 


From  the  product  de¬ 
signer  through  to  final 
I  assembly  and  use  in 
I  the  field,  the  Eby  Spring 
Binding  Post  line  offers 
top  service  based  on 
dependability. 

The  spring  binding  post 
I  offers  unique  advan- 
I  tages  that  can’t  be 
I  duplicated: 

I  I.No  screw  cap  to 
I  tighten  or  come 
I  loose  with  vibration. 

I  2  Constant,  even  pres- 
I  sure  on  the  wire  at 
I  all  times  in  all  posi- 
I  tions. 

I  3.  Easy  one-hand  feed¬ 
ing  of  wire  into  the 
post. 

4.  Corrosion  -  resistant, 
long-life  springs. 

5  Complete  range  of 
sizes,  stem  lengths, 
and  accessories  for 
every  application. 

Replace  with  Eby  Spring 
Binding  Posts  —  Write 
today.  > 


103  WMt  43rd  St.,  Now  York  1«,  N.  Y. 


IIGI  M. 

EBY 

iBcoimrateo 

1IW.MaTDiAVi 

NUIELPIIinL 
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FOR  "VEST-POCKET 
PORTABILITY 


MINIATURES  HAVE  A  MNGH  MOUNTING  DIAMETER 


A  big  fact  to  remember,  when  designing  port¬ 
able  products  for  compactness,  is  this:  MB 
precision  meters  are  the  smallest  made  tqday. 
Their  use  in  many  testing  devices  adds  **carry- 
ing-convenience”. . .  an  influential  sales  factor. 

It's  one  good  reason  for  putting  MB  minia¬ 
tures  to  work  in  equipment  like  photographic 
exposure  meters,  electrical  tachometers,  and 
other  important  instruments.  In  the  many 
unusual  applications  for  which  MB  meters 
are  now  being  specified— pocket  voltmeters 
to  test  hearing  aid  or  flashgun  batteries,  for 
example — the  equipment  takes  no  more  space 
th^  a  matchbox  or  watch. 

But,  in  addition  to  unmatched  size,  MB 
instruments  offer  precision  performance. 


sponse  is  fast  .  .  .  and  accurate  to  the  +2% 
AWS  specification,  giving  reliable  readings 
on  the  well-defined  scales.  Damping  charac¬ 
teristics  are  excellent.  The  lightweight  mov¬ 
ing  element,  in  anodized  aluminum  housing, 
resists  damage  from  shock  and  vibration  .  .  . 
assures  long,  dependable  service  life.  In  short, 
MB  meters  can  be  used  in  both  precision  in¬ 
dustrial  testers  and  those  for  consumer  use 
with  equal  advantage. 

Write  for  information  on  the  complete  line 
of  MB  1-inch  and  l^^-inch  meters.  These 
models,  available  in  both  round  and  square 
shapes,  are  adaptable  to  many  special  pur¬ 
poses.  An  MB  engineer  will  be  glad  to  work 
out  the  details  with  you.  -.  - ^ 


i 


i 

\i 


MANUFACTURIIIG  COMPANY,  INC. 

331  East  Street,  New  Navea  It,  Cqua. 


miniature  electrical  meters  for  any  purpose 
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Yonll  lower  production  costs  yet  increase 
quality  and  efficiency  with  DRAKE  Socket 
and  Jewel  Pilot  Light  Assemblies.  Get 
the  benefit  of  our  patented  features  .  .  . 
of  high  speed  precision  methods  and 
machinery  develraed  thru  15  years  of 
specialization.  Every  conceivable  type 
offered  in  standard  and  special  designs. 
Refer  to  the  newest  DRAKE  catalog  for 
complete  information.  Do  yon  have  a 
copy? 


antenna  catalog  including  informa¬ 
tion  on  f-m  and  television,  auto¬ 
radio  antennas  and  a  complete  line 
of  parts. 
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Research  Organization.  Polytech¬ 
nic  Research  &  Development  Co., 
Inc.,  66  Court  St.,  Brooklyn  2,  N.  Y., 
has  a  brochure  describing  the  serv¬ 
ices  it  intends  to  make  available  to 
industry  in  the  field  of  applied 
physics.  The  organization  is  an  out¬ 
growth  of  P.  I.  B.  Products,  Inc. 
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Tubes.  Eithel-McCuUough,  Inc.,  San 
Bruno,  Cal.  has  available  a  non¬ 
technical  booklet  picturing  its  line 
of  tubes,  vacuum  pumps  and  vac¬ 
uum  capacitors  together  with  a 
price  list. 


DRAKE  MANUFACTURING  CO 

i  n3  W  HUBSflRD  bT  CHICAGO  .  AL 


Microwave  Apparatus.  Sperry  Gy¬ 
roscope  Co.,  Inc.,  Great  Neck,  N.  Y. 
A  new  catalog  in  three  parts  pic¬ 
tures  some  of  the  latest  equipment 
available  for  civilian  use  in  the 


UIEILIIIE 


Electronic  Education..  General  Elec¬ 
tric  Co.,  Thompson  Road  Plant, 
Syracuse,  N.  Y.  is  distributing  book¬ 
let  EBR-28  which  describes  the  role 
of  electronics  in  education.  A  list 
of  publications  bearing  on  this  sub¬ 
ject  is  included. 


POSITIVE  PRINT 
PAPERS 


POSITIVES 

DIRECT 

From  Drawing 

WHh  Weiline  you  skip  many  time* 
consuming  steps  in  print*making.  You 
get  perfect  work  prints  in  a  fraction 
of  the  tinte.  Trve-to-scale  prints  be¬ 
cause  dry-developed.  No  wet  chem¬ 
icals  used.  No  woshing.  No  curling. 
And  a  variety  of  sensitized  papers 
give  you  the  choice  of  several  types 
of  prints. 

BLUl  •  RID  •  SEPIA 

9  You  con  hove  oll-purpoM  prinH  with 
Blu»  Imm,  or  Kmd  lint,  on  whit*  bock- 
ground. 

O  This  b  UMfut  in  dbHngubhing  prints  from 
different  depts.,  or  to  tell  ch^ed  from 
unchecked  prints. 

#  Sepia  Tromporenfized  Prints  con  b* 
mode  the  some  rapid  way,  for  us*  os 
lnt*rm*diate  Originals. 

#  These  con  replace  valuable  originob  in 
print  making,  or  con  be  used  to  speed 
up  print  production. 

a  Or,  to  sov*  droffsmon’t  tint*  retracing 
when  making  design  changes. 


Wrif  for  From  Sample 
Book  and  PuB  Information 


N’t  eery  te  mdoft  WiWii,  bt  eny  Iweleurt.e  jt**!.  1.*  w 
ye*  hew.  WtN*  Depl.  D. 


J.  H.  WEIL  &  CO. 


1315  CHERRY  STREET 
PHILADELPHIA  7,  PA. 


DRAFTING  MATERIALS 
SENSITIZED  PAPERS 
ENGINEERING  INSTRUMENTS 


Tube  Characteristics. «  Sylvania 
Electric  Products  Inc.,  Emporium, 
Pa.  Characteristics  of  radio  tubes. 


microwave  region  of  the  radio  spec¬ 
trum.  Microwave  measurements, 
klystrons  and  wave-guide  compon¬ 
ents  are  included.  The  Model  127 
30-mc  variable  attenuator  is  illus¬ 
trated. 
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m  TROUBIE-FREE  WIRE  PERFORMANCE 

125  Permanently  Insulated  ROCKBESTOS  Wires,  Cables  and  Cords 

From  the  three  basic  designs  illustrated  Rockbestos 
has  developed  a  complete  line  of  125  failure  resisting 
wires,  cables  and  cords,  a  few  of  which  are  descril>ed. 
All  have  the  same  performance  guaranteeing  charac¬ 
teristics  detailed  below.  Write  for  information,  samples. 
lockbMtof  n*nnaii*fit  Insulcition  lnfiir«s  Long>Llv*ci  Sarvic* 

1  A  tough  impregnated  asbestos  braid,  resistant  to  heat,  flame, 
moisture,  oil,  grease,  alkalies  and  corrosive  fumes. 

2  Felte<l  asbestos  insulation  impregnated  with  heat,  flume  and 
m<)isture  resistant  compounds  will  not  dry  out  with  age,  burn,  or 
bake  brittle  under  high  temperatures. 

3  Lubricated  varnished  cambric  for  high  dielectric  strength'  and 
added  moisture  resistance  —  protect^  from  heat,  flame  and 
oxidation  by  felted  asbestos  walls. 

4  Impregnated  asbestos  insulation  that  withstands  heat  of  over¬ 
loads  and  aging  and  won’t  become  brittle,  crack,  rot  or  burn. 

^  3  Conductors  are  perfectly  centered  in  helically  appliecl  non¬ 
flowing  insulation  and  will  always  remain  so. 


AS»tST®S 


>  .l.y 


rockbestos  rrew/iu  rm>io  hookup  wwe 

Sum  \o.  22  to  4  a  W(i  in  1000  wit  rating,  and  No.  12, 14 
and  16  AWil  in  SOOO  voU  innulatfd  tcith  high  dielectric 
ignihetic  tape,  impregnated  felted  aebeetoe  and  covered  vcith 
color  coded  lacquered  glase  braid. 

Originally  designed  to  meet  the  demand  of  air¬ 
borne  radio  equipment  manufacturers  for  a 
flame  and  heat  resistant  wire  and  widely  used 
since  in  ground,  marine  and  mobile  communica¬ 
tions  systems,  electronic  devices  and  apparatus. 
Operating  temperature  range  125®  C.  to  minus 
50°  Ideal  for  wiring  harnesses  in  compact 
apparatus  and  small  motor,  coil,  transformer 
and  dynamotor  leads.  .\lso  available  /■  ^ 
in  twisted  pair,  triple<l,  or  cabled  / 
multi-conductor  constructions. 


SHIELDED  ROCKBESTOS  nREWMJ.  HOOKUP  WIRE 

Sizes  No.  22  to  4  A  WG  in  1000  volt  rating  and  12,14  and  16 
AWG  in  3000  volt  insulated  icith  synthetic  tape  and  im¬ 
pregnated^  felted  asbestos,  covered  vith  color-coded  lacquer^ 
glass  braid,  and  shielded  tcith  a  tinned  copper  braid. 

High  in  dielectric  strength  and  resistance  to 
heat,  flame,  moisture,  oil,  grease,  gasoline  and 
cleaning  fluids  like  unshielded  Rockbestos 
Firewall  Hookup  Wire,  this  construction  pro¬ 
tects  performance  in  radio  equipment  and 
communications  systems.  1000  volt  type  also 
made  in  twisted  pair,  tripled  and  various 
multi-conductor  constructions. 


ROCKBESTOS  MI-ASBESTOS  LEAD  WIRE 

Sizes  No.  8  to  20  .4  WG  solid  or  stranded  copper,  monel  or 
nickel  conductors  insulated  with  DSl"  or  .040"  of  im¬ 
pregnated  felted  asbestos  in  black,  white  or  colors. 

Resistant  to  heat,  flame,  oil  and  grease  this 
wire  won’t  dry  out,  crack,  flow,  swell  or  rot. 
For  higher  dielectric  strength  and  moisture 
resistance  sj)ecify  Type  CA  Lead  Wire  with 
synthetic  tape  next  to  the  onnHopfor  ^ 


ROCKBESTOS  ALL-ASBESTOS  600  VOLT  " 
FLEXIBLE  CORO 

Sizes  No.  10  to  18  AWG  with  two  or  three  conductors  in¬ 
sulated  tcith  impregnated  felted  asbestos  and  covered  tcith 
asbestos  braid. 

This  heavy  duty  heat-resisting  flexible  cord  is 
ideal  for  leads  on  instruments  and  apparatus 
that  develop  heat  in  operation  or  may  be  u.sed 
in  hot  locations.  For  moisture  resistant  type 
specify  Rockbestos  A.V.C.  construction  de¬ 
scribed  below. 


ROCKBESTOS  APPARATUS  HEATING  CABLE 

No,  19.4.WG  nickel-chromium  resistance  wire  insulateil  with 
JO4O"  of  impregnated  felted  asbestos  and  covered  with  4f04" 
waterproof  lead  sheath. 

Manufacturers  of  devices  requiring  the  con¬ 
trolled  distribution  of  a  mild  heat  can  use  this 
pliable  cable  to  advantage.  It  can  be  easily 
bent  and  formed  to  fit  in  or  around  irregular 
shaped  objects  to  put  heat  where  you  want  it. 


ROCKBESTOS  nREWALL  MULTI- 
COHDUCTOR  mSTRUMENT  CABU 

This  unusually  small,  light  weight,  high- 
dielectric  No.  26  AWG  three  conductor  cable, 
with  individuals  insulated  like  our  hookup 
wire,  was  designed  for  use  where  space  is  at  a 
premium  and  dependable  performance  is 
essential.  Made  to  a  nominal  diameter  of 
.125'  it  is  smaller  than  a  No.  14  AWG  Hookup 
Wire.  Also  in  4,  5  and  6  conductor  in  sizes 
No.  26  to  20  AWG. 


ROCKBESTOS  A.V.C.  600  VOLT  FLEXIBU  CORD^^^ 

Sizes  No.  10  to  18  AWG  with  ttco  or  three  conductors  inr 
sulated  with  impregnated  feUed  asbestos,  varnished  candtric, 
felted  asbestos  covered  with  heavy  impregnated  asbestos  braid. 

For  applications  such  as  mentioned  above  in 
which  heavy  duty,  high-dielectric,  heat  and 
moisture  resistant  flexible  cord  is  required  we 
recommend  this  construction  with  individual 
conductors  insulated  exactly  like  Rockbestos 
ROCKBESTOS  THERMOSTAT  CONTROL  WIRE^V.  A.V.C.  Motor  Lead  Cable. 

Sizes  No.  14,  IS  and  18  A  WG  in  two  to  six  conductors  with 
■0126",  or  J026"  or  {for  116  volt  service)  JOSl"  of  impreg- 
noted  felted  asbestos  insulation  and  steel  armor. 

A  multi-conductor  control  wire  for  low  voltage 

inter-communicating,  signal,  and  temperature  ROCKBESTOS  300  VOLT 

contml  systems.  Lifetime  heatproof,  fireproof  HEAT  RESISTNIG  DHPLBl  HJXIBLE  CORD 

insulation  and  rugged  steel  armor  give  trouble-  (Underwriters  Type  AFPD) 

Dmnf  Sizes  No.  10  to  18  AWG  stranded  plain  copper  conductors 


ROCKBESTOS  A.V.C.  GOO  VOLT  MOTOR  LEAD  CABLE 

(National  Electrical  Code,  TjTie  AVA) 

Size  No.  18  AWG  to  1 ,000 fXX)  CM  insulated  with  two  walls 
of  impregnated  asbestos  and  a  high-dielectric  varnished 
cambric  insert,  tcith  a  heavy  asbestos  braid  overall. 

Use  this  apparatus  cable  for  coil  connections, 
motor  and  transformer  leads  exposed  to  over¬ 
loads  or  high  ambient  temperatures.  It  makes 
a  permanent  installation  as  it  is  resistant  to 
heat,  flame,  oil,  grease  and  moisture. 


ROCKBESTOS  ASBESTOS  MSUUITED  MAGNET  WNHE 

Round,  square  and  rectangular  asbestos  in¬ 
sulated  conductors  finished  to  meet  varying 
winding  conditions  and  coil  treatment  require¬ 
ments.  Designed  for  Class  B  windings,  the 
insulation  is  non-checking  and  not  affected  by 
heat  or  aging. 


ROCKBESTOS  PRODUCTS  CORP. 

434  NICOLL  BTRIIT,  NEW  HAVEN  4,  CONN. 


heat.  Sharp,  clean  bends  can  be  made 
^thout  cracking  as  the  asbestos  wall  acts  as  a 
^hion  under  the  braid.  Rockbestos  A.V.C. 
Hinge  Cable  and  Switchboard  Bus  Cable  have 
Mnae  fireproof  and  heatproof  characteristics. 


The  Wire  whh  Permanent  Insuhthn 


When  used  > 
signed  filters 


discrTminating  enough  to  filter  out 

»  to  minimize  c»nducted  radio  noi 


D.C.  to  A.C. 
by  JANETTE 


.  ,  • 

D  C.  a  c  CONVERTED 


_ i;.  wd  ematnu  Ti*« 

from  direct  currentp^r 

a  ruoged  Janette  conwrtw. 
r  means  ot  TO  devices,  specially  de- 


wanted  noises  ' 

tage,  con  ^  century  Janette  converters  have 

,r«*ly  specify  «  !«»•**•• 


Janeiic  Wamifaciurinq  t'o.  556  v  nvmroc  m  uxu-.u,o 


THERMOMETf  RS 
HYDROMETER  S 


Radio  Teletype.  Globe  Wireless 
Ltd.,  Chrysler  Bldg.,  New  York  17, 
N.  Y.,  has  a  non-technical  booklet 
describing  applications  and  opera¬ 
tion  of  the  Radiotsrpe  system. 
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Induction  Heating.  Lepel  High  Fre¬ 
quency  Laboratories  Inc.,  39  W. 
60th  St,  New  York  28,  N.  Y.  A  31‘ 
page  booklet  illustrates  the  mani¬ 
fold  uses  of  induction  heating  in 
the  industrial  field.  Soldering,  braz¬ 
ing  and  gear  hardening  are  all  pos¬ 
sible  on  the  same  equipment  with 
a  proper  choice  of  work  coil  for  the 
individual  job. 


cataloged  in  both  numerical  and  al- 
phabetical  order,  are  given  in  an 
18-page  booklet  recently  published 


Th«  tr«nd  toward  coiwpsctw—  bi  much  of  today's 
industrial  construction  is  woN  mot  by  this  occsrsta 
H-B  A^dgot  Thormomotor.  It  fits  snwgly  into 
spocos  whoro  dooroncos  must  bo  moosorod  in  fractions 
of  on  inch.  If  hoovy  vibrations  or  shocks  oro  to  bo 
oncountorod,  its  sturdy  ormor  givos  oddod  strawgtti 
and  longor  Ufa.  Modo  in  both  straight  and  onglo 
typos,  woigMng  but  5  and  7  ozs.  rospoctivoly;  and 
in  standard  rongos  from  minus  30  to  plus  750**  and 
spodol  rongos  con  bo  hod  in  both  FahronhoH  and 
Contigrodo  scolos  in  almost  any  dosirod  tomporoturo 
rongo  lovoi.  Straight  typo,  9  in.  ovoroil.  Easy  to 
road  bocouso  of  lons-front  and  yollow  bock  with  scolo 
ongrovod  on  gloss.  For  dotoils,  writo  to — H-B  Instrum^ 
Company,  2524  N.  Brood  Stroot,  Phiiadolphia  32,  Pa. 


THERMOSTATS  RELAYS 
THERMO  - REGULATORS 


Mobile  Radiophone  Service.  Ameri¬ 
can  Telephone  and  Telegraph  Co. 
195  Broadway,  New  York  7,  N.  y!' 
is  issuing  two  booklets  describing  a 
proposed  mobile  service  and  one 
type  of  mobile  equipment. 


Measurement  Equipment  Boonton, 
Radio  Corp.,  Boonton,  N.  J.,  has  just 
issued  a  supplement  to  its  Catalog 
C  covering  precision  signal  gener¬ 
ators,  a  mica  tester  and  a  spark  coil 
test  set. 


Mica  Ceramic  Insulation.  Elec¬ 
tronic  Mechanics,  Inc.,  70  Clifton 
Boulevard,  Clifton,  N.  J.  Bulletin 
No.  104  gives  suggestions  for  use 
of  Mykroy  insulating  material  in 
the  fabrication  of  sockets  and  ter¬ 
minal  supports. 


Small  Switches.  Mu-Switch  Corp., 
Inc.,  Canton,  Mass,  has  evolved  an 
interesting  catalog  with  split  pages 
making  it  easy  to  refer  to  the  vari¬ 
ous  switch  types  and  at  the  same 
time  thumb  through  a  secondary 
cataloging  of  their  characteristics. 
There  are  more  than  19  pages  of 
photographs,  specifications  and 
I  prices. 
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Studio  Amplifiers 

ZvuUneeAeA  cMlc^  2.iud/U4f,  Pe/iyoAymayK^ 

okA  ^ep£^4tJl42Me  BeAiUce,' 


AT  LEFT:  Two  Langevtn  Typ*  1I1*A  Dual  Pre*Ainp»Tt«rs  and  one 
Langevin  Type  102-A  Amplifier  on  a  Type  3*A  MounHng  Frame. 
This  unil  provides  four  pre-amplifiers  and  one  line  amplifier,  or 
three  pre-amplifiers,  one  booster  amplifier  and  one  line  amplifier, 
oH  occupying  lOV^  in.  of  rock  mounting  space.  An  external  power 
supply,  the  Langevin  201-B  Rectifier,  as  shown  below,  is  required. 
The  Type  3-A  Mounting  Frame  can  be  housed  m  a  Type  2G1-A 
Cabinet,  for  wall  mounting,  if  desired. 


I 

X^aneevi 


ngevin  Audio  Transmission  Facilities  are  designed  and  built 


The  Type  106-A  Amplifier  is  a  two-stage,  fixed  medium  gain, 
low  noise  pre-ompitfier,  or  booster  amplifier,  for  use  in  high- 


to  have  the  extended  frequency  response,  noise  and  distortion 


quality  speech  input  systems.  The  Type  106-A  can  be  mounted 
on  one-third  of  the  space  avaHable  on  a  Type  3-A'Mounting 


Frame  in  combination  with  two  Type  Itl-A  Pre-Amplifiers,  or 
in  any  similar  combination. 


levels  required  in  the  F.C.C.  Regulations  for  FM  transmission. 

In  complying  with  these  regulations  too  much  emphasis  can¬ 
not  be  placed  on  the  quality  of  the  transformers  that  are  a  part 
of  the  audio  system.  Noise,  for  instance,  is  largely  associated 
with  the  input  transformers— distortion,  with  the  output  trans¬ 
formers— and  frequency  response  with  both.  Therefore,  the 
transformers  in  Langevin  equipment  are  manufactured  by  us — 
and  are  held  to  a  specified  tolerance— so  that  frequency  re¬ 
sponse,  noise  and  distortion  levels  of  the  entire  system  are 
well  within  requirements. 


Th«  Type  201-B  Rectifier  supplies  plate  and  filament  power 
for  the  Langevin  Types  102,  106,  111  and  similar  amplifiers 
from  a  105-125  volt,  50-60  cycle  AC  source.  The  ripple  voltage 
of  the  201  •  B  Rectifier  a  0.04%  at  full  power  output  75MA 
and  0.02%  at  a  drain  of  30  milliamperes. 


'kJofUluf 


The  Lanqevirt  Companti 

INCORPORATED  r 

^^.SOUND  REINFORCEMENT  AND  REPRODUCTION  ENGINEERING 

,NEW  YORK  SAN  FRANCISCO  LOS  ANGELES 

37  W.  65  St  23  '' 


NEWS  OF  THE  INDUSTRY 

Reports  on  German  industry;  CAA  vhf  radio;  Lahac; 
telediffusion  in  Sweden;  guided  missile  project; 
wireless  television  camera;  RMA  Spring  Meeting 

War  Department  Unveils  18,000-tube  Robot  Calculator 


Virtual  elimination  of  computing 
time  in  the  solution  of  mathematical 
problems  is  just  one  of  the  amazing 
achievements  of  the  Eniac,  an  18,000- 
tube  electronic  computer  revealed 
Feb.  16  by  the  War  Department.  For 
problems  ranging  from  prediction  of 
electron  paths  of  nuclear  physics  to 
the  trajectories  of  guided  missiles 
and  the  orbits  of  planets  in  cosmic 
space,  this  world's  largest  and  most 
intricate  electronic  device  provides 
on  a  printed  sheet  in  a  few  hours, 
with  up  to  six  carbons,  numerical 
^bles  that  have  heretofore  required 
as  many  as  100  man-years  of  com¬ 
puted  time. 

The  Eniac  (Electronic  Numerical 
Integrator  and  Computer)  was  de¬ 
signed  and  constructed  for  the  Army 
Ordnance  Department  at  the  Moore 
School  of  Electrical  Engineering, 
University  of  Pennsylvania,  Phila¬ 
delphia  to  break  a  mathematical 
bottleneck  in  computing  lengthy  and 
complicated  firing  and  bombing 
tables  for  vital  ordnance  equipment. 

Palliatie  Applications 

For  each  angle  of  elevation  at 
which  an  artillery  piece  is  fired,  a 
different  trajectory  has  to  be  calcu¬ 
lated,  embracing  such  factors  as 
muzzle  velocities,  i)owder  tempera¬ 
tures,  projectile  weight,  range,  time 
of  flight,  point  of  fall,  and  atmos¬ 
pheric  conditions.  In  addition,  such 
matters  as  ballistic  coefficient  and 
drag  function  must  be  taken  into  ac¬ 
count.  It  takes  a  skilled  computer 
about  three  days  to  compute  one 
such  trajectory  with  the  aid  of  an 
ordinary  desk  calculating  machine. 
After  the  trajectories  are  calculated, 
the  angles  of  elevation  for  many  dif¬ 
ferent  ranges,  using  varying  condi¬ 
tions  of  muzzle  velocity,  density  of 
air,  wind,  etc.  are  computed.  This 
part  of  the  work  usually  takes  about 
three  months  by  a  large  staff  of 


trained  computers.  The  Eniac  will 
do  both  sections  of  the  job  in  from 
one  to  two  days. 

Industrial  Uses 

The  new  robot  calculator  will  solve 
equally  complex  peacetime  problems 
in  electronics,  electrical  engineering, 
aerodynamics  and  scientific  weather 
prediction.  In  industry,  it  is  believed 
that  better,  more  scientific  design 
will  now  be  possible  as  a  result  of  the 
new  machine’s  ability  to  handle  hun¬ 
dreds  of  different  factors  in  one  com¬ 
putation.  Much  lengthy  and  costly 


design  experimentation,  often  in¬ 
volving  the  construction  of  a  series 
of  expensive  models,  a  common  prac¬ 
tice  in  airplane  design,  might  also 
be  eliminated.  Such  trial-and-error 
methods  would  not  suffice  to  deal 
with  complex  phenomena  arising,  for 
instance,  from  the  blast  of  an  atomic 
bomb. 

General  Details 

•The  original  idea  for  the  Eniac 
was  that  of  Dr.  John  W.  Mauchly,  of 
the  Moore  School  faculty.  Captain 


Herman  Goldstine,  mathematician 
and  ballistic  expert  for  Army  Ord¬ 
nance,  enthusiastically  promoted  de¬ 
velopment  of  the  Eniac. 

Administrative  supervision  of  the 
project  was  assumed  by  Dr.  J.  G. 
Brainerd  of  the  Moore  School,  and  J. 
Prosper  Eckert,  Jr.  took  charge  of 
the  technical  and  engineering  activ¬ 
ities. 

The  Eniac  is  a  digital  or  discrete 
variable  computing  machine,  as  op¬ 
posed  to  continuous  variable  types 
such  as  differential  analyzers.  If 
used  to  complete  capacity,  the  Eniac 
will  carry  out  in  five  minutes  more 
than  ten  million  additions  or  sub¬ 
tractions  of  ten-figure  numbers.  The 
machine  performs  a  single  addition  in 
1 /5000th  of  a  second  and  can  do  a 
number  of  distinct  additions  simul¬ 
taneously. 

The  Eniac  occupies  a  room  30  by 
50  feet  in  size,  weighs  30  tons,  and 
has  100  feet  of  panels  arranged  in 
a  large  U,  with  16  of  the  panels  on 
each  leg  and  8  panels  on  the  end. 
PoweP  consumption  is  150  kw,  of 


which  46  kw  goes  to  a  bank  of  28 
power  supplies  that  provides  the  88 
d-c  voltages  required. 

Operating  Procedure 

The  general  method  of  handling  a 
problem  is  as  follows;  First,  the  sci¬ 
entist  must  write  down  mathematical 
equations  that  express  the  phenom¬ 
ena  involved.  Second,  he  must  break 
down  the  mathematical  formulation 
into  a  sequence  of  additions,  sub¬ 
tractions,  multiplications,  divisions, 
square  routings  and  transfers  from 


8«ttfng  op  Ui*  Eniac  for  o  problom  tokot  lor  moro  timo  than  la  roquirod  for  tho  mocUn* 
to  punch  out  tho  answors  on  tho  IBM  nlochinos  at  tho  right  Powor  supply  ponols 
oro  across  tho  opon  ond  of  tho  U.  bohind  tho  Comoro  usod  in  taking  this  photograph 
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Custom-built  for  ANY  FREQUENCY 
botwoott  100  and  3000  NIC's  for... 


FIRE  and  POLICE 
WORK 

FORESTRY 

TELEVISION 

RELAYS 

INDUSTRIAL 

APPLICATIONS 


Regardless  of  the  type  of  communications 
system  you  hove  in  mind  . .  .  private,  mu¬ 
nicipal  or  industrial . . .  LAVOIE  con  supply 
all  necessary  equipment  to  do  the  ipb 
clearly,  efficiently  and  economically. 
LAVOIE  VHP  and  UHF  equipment  won 
widespread  acceptance  in  the  U.  S.  armed 


forces  during  the  war,  and  this  some  pre¬ 
cision  manufacture  and  efficient  operation 
is  found  in  LAVOIE  fixed-frequency  equip¬ 
ment 

If*  you  will  state  the  general  nature  of  your 
requirements,  we  will  recommend  and 
quote  on  a  system  best  suited  for  your  needs. 


FREQUENCY  METERS 
FREQUENCY  STANDARDS 


TRANSMITTERS 
RECEIVERS,  ANTENNAS,  ETC. 


RADIO  ENGINEERS  AND  MANUFACTURERS 
MORGANVILLE,  N.  J. 


Specialists  in  the  Development  and  Manufacture  of  UHF  Equipment 
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unit  to  unit  of  the  Eniac.  Finally, 
program  switches  must  be  set,  num¬ 
bers  must  be  put  into  the  function 
table  memory  by  setting  the  switches, 
and  connections  must  be  established 
between  units  of  the  Eniac  for  the 
communication  of  programming  and 
numerical  information. 

There  are  three  basic  elements  in 
the  Eniac:  arithmetic  elements, 
memory  elements  and  control  ele¬ 
ments.  There  is  also  magnitude  dis¬ 
crimination,  which  partakes  of  both 
arithmetic  and  control  characteris¬ 
tics  and  consists  of  comparing  the 
size  of  two  numbers.  On  the 
basis  of  such  comparison,  the  ma¬ 
chine  determines  which  of  two  com¬ 
putational  courses  is  to  be  followed. 

Arithmetic  Elements 

‘The  arithmetic  elements  include 
20  accumulators,  1  multiplier  and  1 
combination  divider  and  square 
rooter.  The  accumulators  provide 
means  for  storing  numbers  com¬ 
puted  in  the  course  of  a  problem,  and 
also  permit  addition  or  subtraction 
of  a  second  number  to  or  from  the 
stored  number.  The  accumulators 


PRECISION  PARTS 


SPINNING  THE  THREAD 
OF  THE  FUTURE 


Spinning  spindles,  whirring  bobbins,  the 
shuttling  back  and  forth  of  warp  and  woof 
.  .  .  these  are  sweet  sounds  to  the  ears  of  a 
textile-starved  America.  Spindles  that 
spin  so  speedily  have  to  be  built  with  fine¬ 
spun  accuracy,  and  the  incredible  accuracy 
Ace  built  into  parts  for  guns  and  engines, 
radar  and  radio,  is  now  being  built  into 
parts  for  the  machines  of  peace. 

This  slender  spindle,  a  very  essential 
part  of  a  textile  macnine,  is  a  mrfect 
example  of  the  ability  of  Ace  to  do  fine 
precision-work  on  a  mass-production  basis. 
Twenty-four  different  operations  were  per¬ 
formed  to  produce  its  22  dimensions . . . 
dimensions  that  had  to  be  held  to  a  toler¬ 
ance  of  .0005'  . . .  roughing,  heat-treating, 
straightening,  finishing.  Two  finishing- 
operations  were  done  by  centerless  grind¬ 
ing,  seven  by  cylindrical  grinding,  produc¬ 
ing  tapers  and  radii  where  required.  Peri¬ 
odic  inspections  kept  overall  straightness 
within  .002'. 

Incredible  accuracy  on  a  mass-produc¬ 
tion  basis  .  .  .  that’s  the  story  of  Ace.  For 
small  parts  and  assemblies  that  require 
stamping,  machining,  heat-treating,  and 
grinmng  ...  all  under  a  single  roof,  single 
responsibility ...  it  will  pay  you  to  have  an 
Ace  up  your  sleeve,  ^nd  us  a  sample, 
sketch  or  blueprint  for  quotation. 


i  ■.  '-S'.’ 
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Racnr  vtow  oi  two  of  tho  accumulator  racks 
of  tho  Enioc.  In  tho  uppor  portion,  oach 
Torticol  row  of  28  tubos  is  mounted  on  a 
soparato  plug-in  chas^  thot  can  bo  ro- 
moved  qrdckly  and  replaced  with  a  spore 
unit  in  case  of  trouble.  In  the  lower  group, 
banks  of  12  tubes  are  removable.  The  en¬ 
tire  machine  is  constructed  in  this  manner, 
and  trouble  con  be  isolated  to  the  defec- 
five  chosds  simply  by  running  o  selected 
test  problem  through  and  comparing  the 
result  with  a  correct  solution  kept  on  file 
for  this  purpose 


This  free  booklet  describes  facilities  aeailable. 


ACE  MANUFACTURING  CORPORATION 
for  Prmchion  Parts 

125S  i.  iRJE  AVE.,  PHILADELPHIA  24,  PA. 


RESISTANCE 

WIRE 


ALLOY  "A**:  Nielwl-chromium  olloy,  re- 
tisH  oxidation  ot  extreme  tempera^res. 
Essential  for  operotina  temperatures  up 
to  2100*  F.  Also  used  for  cold  resistance. 
Resists  chemical  corrosion  by  many  media. 
Non-mognetic:  specific  resistance,  650 
ohms/ClM.F. 

C  O.  JELLIFF  MFG.  CORF. 

122  PEQUOT  AVI.  •  SOUTHPORT.  COHN. 


RESISTANCE 

WIRE 


ALLOY  **0'*:  Nominally  contains  60% 
nickeL  15%  chromium,  ond  bolonce  Iron. 
High  resistance  to  oxidation  and  corro¬ 
sion.  Widely  used  In  resistances  for  radio 
and  electronics.  Industrial,  and  domes¬ 
tic  equipment.  Operating  temperature 
up  to  1700*  F.  Specific  resistance  675 
onms/C.M.F. 

C  O.  JELLIFF  MFG.  CORF. 

123  >PRQUOT  AVI.  •  SOUTHPORT.  CONN. 


RESISTANCE 
WIRE  . 


ALLOY  “180'':  Nickel-copper  alloy  with 
resistivity  of  180  ohms/C.  M.  F.  Widely 
used  for  resistor  elements  up  to  750'  F. 
(400*  C.  ).  For  radio  controls,  magnets, 
rheostats  and  voltage  control  relays. 

C  O.  JELLIFF  MFG.  CORF. 

123  PEQUOT  AVE.  •  SOUTHPORT.  CONN. 


RESISTANCE 

WIRE 


ALLOY  **45":  Alloy  of  55%  copper,  45% 
nickel  with  a  constant  elecMcol  resistance 
over  wide  range  of  temperatures.  Specific 
resistance  294  ohms/C.M.F.;  temperature 
coefficient  0.00002  ohms  per  degree  F; 
32  to  212  degrees  range.  Used  In  vrind- 
ing  of  precision  resistors. 

C  O.  JELLIFF  MFG.  CORF, 

m  muoT  AVI.  •  souTHron.  conn. 


RESISTANCE 
WIRE 


KANTHAL:  Exclusive  manufacturers  of 
KANTHAL,  an  outstanding  achievement 
in  resistance  -  wire  development.  Now 
available— complete  data  upon  request. 

C  O.  JELUFF  MFG.  CORF. 

IS  KWOT  AW.  •  tOUTHKOT.  CONN. 

Hefei  Alt  athf$  ore  predbeei  In  EffbAeqeeeqr 
type  htrmeat,  uud  ore  hmlAad  belmht,  er 
cxtdiMod  ftoidh#  aim  with  eaoMiief.  tiSce  er  teWea 
iMvIofiee. 
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TO  assist  you  in  properly  meeting  your  capacitor 
requirements,  Magnavox  has  prepared  this  handy 
reference  guide.  Specifications,  accessory  and  tech¬ 
nical  data  for  the  full  line  of  Magnavox  Elearolytic 
Capacitors  are  given  in  complete  detail. 

Magnavox  Capacitors,  produced  expressly  for  the 
manufacturing  trade,  are  built  to  meet  severest  operat¬ 
ing  conditions.  Containers  are  standardized  into  eight 
sizes  to  simplify  your  design  and  assembly  pioblems. 
Economy  in  size  and  cost,  long  life,  and  efficient 


and  trouble  free  operation  are  features  Magnavox 
Electrolytic  Capacitors  can  promise — and  deliver. 
Mechanically,  electrically  and  chemically  they  reflect 
years  of  research  and  experience.  They  have  earned 
and  won  the  confidence  of  the  leading  engineers. 

Write  today  for  this  handy  reference  guide  —  and 
when  you  need  the  best  in  electrolytic  capacitors 
—  sf)ecify  Magnavox.  There  is  no  substitute  for  ex¬ 
perience!  The  Magnavox  Company,  Components 
Division,  Fort  Wayne  4,  Indiana. 
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New  reference  guide  for  Capacitors. 


are  capable  of  perform^g  these  op¬ 
erations  on  numbers  having  as  many 
as  ten  decimal  digits,  and  indicate 
the  associated  plus  or  minus  sign. 
The  multiplier  can  find  the  product 
of  two  decimal  numbers,  each  having 
as  many  as  ten  digits.  The  combina¬ 
tion  divider  and  square  rooter  can 
find  the  quotient  of  two  nine-digit 
decimal  numbers  or  the  square  root 
of  a  nine-digit  decimal  number. 

Memory  Elements 

Memory  elements  of  the  machine 
include  internal  memory  devices,  of 
limited  capacity,  and  external  mem¬ 
ory  devices  in  the  form  of  punched 
cards  having  unlimited  capacity. 
Communication  between  the  internal 
and  external  memory  takes  place  at 
speeds  which  are  set  by  the  mechan¬ 
ical  punch  card  devices. 

Internal  memory  can  be  further 
subdivided  in  three  ways.  First, 
there  are  accumulators  for  numerical 
data  calculated  in  the  course  of  the 
computation  and  which  must  be 
available  for  other  portions  of  the 


{(WORKS  LIKE  A 
¥  SCREW  DRIVER 

Speeds  Prodection  / 


Standard 
Sizes^  Hex, 

Square  or  Knurled, 

Chuck  Type  with  many 
Tools  for  many  uses 
Radio  and  Electrical  Shops 
Need  them 


•  You’ll  travel  the  roads  to 
future  markets  faster  and 
easier  when  you  standardize 
on  General  Industries  Smooth 
Power  motors.  Quick  starting, 
uniform  speed  and  quiet  per¬ 
formance  have  for  years  made 
these  motors  leaders  for  phono¬ 
graphs,  recorders  and  record- 
changers.  From  the  GI  com¬ 
plete  line,  select  the  proper 
motor  for  your  new  design.  For 
smooth  performance,  standard¬ 
ize  on  Smooth  Power. 


Tlir««  of  the  power  supply  panels  of  the 
Eniac.  Xenon-filled  4B24.  4B25  and  C6I 
gaseous  rectifier  tubes,  operating  with 
red-hot  plates,  provide  the  88  d-c  voltages 
required  by  the  robot  calculator 


computation.  Second,  empirical  data 
known  before  the  machine  is  started 
can  be  remembered  by  setting 
switches  on  the  function  tables. 
Third,  there  is  a  memory  for  instruc¬ 
tions.  This  causes  transfer  between 
the  various  memory  and  arithmetic 
units  and  causes  the  arithmetic  units 
to  perform  desired  operations  on 
the  numbers.  Setting  of  program 
switches  permits  program  input 
signals  to  be  received  in  one  or  more 
units,  thus  causing  the  unit  or  units 
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The  COX  Type  2  AMPLIFIER 

...  A  MUITI-PURPOSE  PRECISION  INSTRUMENT  FOR  DEPENDABLE  AMPLIFICATION 
AND  MEASUREMENT  IN  THE  FIELD  OR  LABORATORY 


SPECIFICATIONS 


APPLICATIONS 


Number  of  Staines . 3 

Overall  Gain . *80,000 

Gain  (2nd  Stage  Input) . 1850 

Frequency  Response  (5%) . 1-15000  cps 

Input  Range  (Ist  Stage) . 1-250  mv 

Input  Range  (2nd  Stage) . 5-1000  mv 

Input  Impedance 

1-A  (Ist  Stage) . . . ^meg 

1-B  (1st  Stage) . 100  meg 

2  (2nd  Stage) . . . 5  meg 

Output  Impedance . 50,000  ohms 

Output  Voltage  (RMS) . . . 70 

Calibration  Voltage . 0-1000  mv 

Harmonic  Distortion  (At  .5  mv  Input) . Max  3% 

Power  Supply  (Regulated)  105-130  Volts . . . 50-60  cps 

Marker  Input . . . . . . — . 4.5  Volts 

height . . . . . . . . 30  lbs 


I  DYNAMIC  PRESSURES 
I  TORSIONAL  VIBRATIONS 
I  LINEAR  VIBRATIONS 
^  SOUND  MEASUREMENTS 
I  MILLIVOLT  MEASUREMENTS 
I  ALL  PURPOSE  VOLTAGE  AMPLIFIER 


■ALAIKED  ELECnONIC  INSTtUMENTS  NOW  AVAIUILE  FOR 
MEASURING: 

PRESSURES  —  Pressure-Time  or  Rate-of-Change-of-Pres- 
sure  Diagrams 

TORSIONAL  OR  LINEAR  VIBRATIONS- Displace¬ 
ment;  Acceleration;  Velocity;  Frequency 


ELECTRONICS  DIVISION 

COMMERCIAL  RESEARCH  LABORATORIES,  INC. 

Master  Instrument  Craftsmen  Since  1912 

20  BARTLETT  AVENUE  DETROIT  3,  MICH. 
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to  function  within  themselves  and» 
on  the  completion  of  this  internal 
functioning,  to  emit  program  output 
signals  to  cause  other  units  to  func¬ 
tion.  The  master  programmer  co¬ 
ordinates  this  kind  of  memory  func¬ 
tion  for  the  entire  machine. 

Control  Elements 

The  control  elements  include  the 
initiating  unit,  concerned  mainly 
with  starting  and  stopping  the 
Eniac,  and  the  cycling  unit  which 
generates  the  fundamental  signals. 
The  cycling  unit  contains  an  oscil¬ 
lator  vdiich  generates  electrical 
pulses  at  the  rate  of  100,000  per  sec¬ 
ond  and  can  do  one  basic  operation 
every  20th  pulse  or  a  total  of  6,000 
additions,  subtractions,  multiplica¬ 
tions  or  divisions  per  second. 

When  all  controls  have  been  set 
and  cards  have  been  punched  for  the 
external  memory  section,  the  cards 
are  dropped  into  the  IBM  reader  sec¬ 
tion  and  a  starting  button  is  pressed. 
If  the  machine  is  operated  at  full 
speed,  the  numbered  neon  lights  on 
the  panels  blink  5,000  times  per  sec¬ 
ond  and  the  entire  panel  appears  to 
give  one  quick  glow  before  the  lights 
settle  down  at  the  final  answer.  Gen¬ 
erally,  however,  the  machine  must 
be  slowed  down  to  the  rate  at  which 
answer  cards  can  be  punched  me¬ 
chanically.  The  punched  cards  are 
then  run  through  an  IBM  machine 
that  prints  the  answers  automat¬ 
ically  on  a  sheet  of  paper. 

Though  a  calculator  can  carry  out 
numerous  logical  operations,  it  can¬ 
not  do  creative  thinking.  The  math¬ 
ematician,  physicist  or  engineer  is 
still  needed — in  fact,  more  than  ever, 
to  analyze  the  problem  mathemati¬ 
cally  and  set  up  the  sequence  of  op¬ 
erations  in  the  machine.  It  is  ex¬ 
pected,  however,  that  machines  of 
this  type  will  bring  a  greater  mathe¬ 
matics  consciousness  to  engineering 
and  production. 


Army  Seeks  Technicians 

To  CIVILIANS  skilled  in  the  mainte¬ 
nance  and  repair  of  radio,  radar, 
telephone,  and  electric  power  equip¬ 
ment,  and  willing  to  replace  enlisted 
technicians  now  stationed  in  the 
Philippines,  Japan,  and  Korea,  the 
Sign^  Corps  is  offering  attractive 
jobs.  The  appointments,  for  a  mini¬ 
mum  of  one  year  with  transportation 
furnished  both  ways,  catrry  salaries 
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Here's  How  It  Works 


Sorensen  A.  C.  Voltage  Regulator 

The  impedance  of  saturable  core  reactor  T2  determines  what  port  of 
the  input  voltage  is  impressed  across  auto-transformer  Tl. 

Impedance  of  the  reactor  is  varied  in  accordance  with  changes  in  out¬ 
put  voltage  so  as  to  restore  output  voltage  to  within  0.2%  of  its  previ¬ 
ous  value. 

The  ''heart”,  T3  and  diode  VI,  control  reactor  impedance  by  varying 
the  plate  current  of  V2  thru  the  saturating  winding. 

The  above  extreme  accuracy  of  voltage  control  is  possible  because  of 
the  almost  infinite  gain  realized  from  the  compensating  action  ob¬ 
tained  from  T3  and  VI. 


General  Characteristics  of  Sorensen  Reguiators 

Constant  output  Toltogo  to  with  0.2%  with  input  Toriotions  95  to  130  Tolts. 

Voltago  not  aifsctod  by  Toriations  in  LOAD,  FREQUENCY  or  lagging 
POWER  FACTOR. 

No  hash  or  intsrfsronco  gsnerated— gas  tubss  not  omploTod. 

Low  WOT*  form  distortion — ororage  loss  than  5%  (Spodol  models  oroilable 
with  less  than  2%  distortion  guaronteed). 

Write  us  about  your  A.  C.  Voltage  or  Current  regulation  problems.  Ask  lor  bulletin 
giving  lull  schematic  and  other  into,  about  various  models,  capodty  25  to  15,000  V.  A. 
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HCV-tCO 


Tracing  cloth 
that  defies 
time 


•  The  renowp  of  Imperial  as  the  finest  In 
Tracing  Qoth  goes  back  well  over  half'o 
century.  Draftsmen  all  aver  the  world  prefer 
It  for  the  uniformity  of  Its  high  transparency 
and  ink'taking  surface  and  the  superb  quality 
of  its  doth  foundation. 

Imperial  takes  erasures  readily,  without 
damage.  It  gives  sharp  contrasting  prints  of 
even  the  finest  lines.  Drawings  made  on 
Imperial  over  fifty  years  ago  are  still  as 
good  as  ever,  neither  brittle  nor  opaque. 

If  you  like  a  duller  surface,  for  dear,  hard 
pencil  lines,  try  Imperial  Pencil  Tracing  doth. 
It  is  good  for  ink  as  well. 

IMPERIAL 
TRACING 
CLOTH 


SOLD  BY  LEADINO  STATfONERY  AND  DRAW. 
■NO  MATERIAL  DEALERS  EVERYWHERE 


ranging  from  $1.50  to  $1.70  per  hour 
for  a  4(i-hour  week,  with  provisions 
for  overtime  and  night  work  differ¬ 
ential.  Quarters  and  subsistence  will 
be  provided  by  the  Army  at  a  cost 
not  to  exceed  $40  a  month.  Benefits 
include  annual  and  sick  leave,  neces¬ 
sary  medical  care,  hospitalization, 
and  compensation  for  service-con¬ 
nected  injuries.  Those  interested 
should  apply  to  their  nearest  USES 
office,  or  to  the  Office  of  the  Chief 
Signal  Officer,  Pentagon,  Washing¬ 
ton  25,  D.  C. 


German  Technical  Data 

Weekly  bibliographies  of  both  tech¬ 
nical  and  nontechnical  reports  on 
scientific  and  industrial  information, 
mostly  obtained  in  Germany  and 
German-occupied  countries,  are  be¬ 
ing  made  available  at  the  Govern¬ 
ment  Printing  Office  for  a  nominal 
price.  The  lists  also  will  contain 
titles  of  reports  on  U.  S.  Govern¬ 
ment-sponsored  research  (ORSD, 
Army  and  Navy),  although  only  a 
comparatively  few  have  been  re¬ 
leased  to  date. 

The  reports  listed  in  the  weekly 
bibliographies  are  grouped  accord¬ 
ing  to  subject  matter,  serial  number, 
price  and  length,  with  a  brief  de¬ 
scription  of  report  content.  Mate¬ 
rials,  manufacturing  processes,  prod¬ 
ucts,  developmental  work,  and  other 
scientific  and  technical  matters  are 
discussed  in  the  reports. 

Approximately  2,000  reports  have 
been  listed  previously  by  the  Office 
of  the  Publication  Board,  Depart¬ 
ment  of  Commerce.  This  same  list¬ 
ing  will  be  duplicated  by  the  Govern¬ 
ment  Printing  Office  in  its  weekly 
bibliographies  until  such  time  as  the 
listing  reaches  the  same  point  as 
OPB's  lists.  Then  OPB  will  devote 
its  full  time  to  checking  the  various 
reports,  having  them  photostated  or 
microfilmed  and  sent  to  various  gov¬ 
ernment  repositories  in  Washington. 
Complete  reports  should  be  ordered 
from  OPB. 

The  Superintendent  of  Documents 
will  accept  $10.00  as  approximate 
payment  for  a  yearly  subscription  to 
the  weekly  bibliographies  and  will 
notify  subscribers  if  additional  re¬ 
mittance  is  required.  Single  copies 
may  be  purchased  at  varying  prices. 
The  first  bibliography  is  priced  at 
15f,  Orders  for  these  weekly  lists 

should  be  accompanied  by  check, 

• 


rrj?*' 


m 


RCP  448 

''H>a(ir’  voM 
A.C..O.C.  Volta 

0-5^250-1000 
D.C.  Mills 
0-.&-10-100-1000 
Ofam 

o-2.ooa-2aooo-2oaooo> 

2  Mac. 

Mm 

$24.50  n«t 


RECORD  CHANGERS 

UTAH-DITROIA  »SSOC . $1t.l7 

WlBSnR-CNICAOO  fSA .  37.20 

HALLICRAFTERS  SX-28A 

$223 


SUPER  DEFIANT . 8X25  fV4.S0 

SKY  CHAMPION  . 820R  *0.00 

8KYRIDER  MARINE  . S22R  74.S0 

S40  NEW  MODEL . Approximstdy  79.50 

SKYRIDER  JR.  841 . T V. . . .....  33.50 

HAMMARLUNP  HQ-I29-X$I29 


TRIPLETT  625.N 

20000  ohms  per  volt  D.C. 

10000  ohms  wr  volt  A.C. 

5'  Scsle-TOPMOSTQUAUTY 
(12)  D.C.  Volt  Rsn«rs  to  5000 
(6)  A.C.  Volt  R^es  to  5000 
(3)  OHM  Rencps  0-400-50000- 
10  Meg. 

(5)  D.C.  Current  Rsnges  1  Ms. 
to  10  Am^ 

PLUS  OUTPUT  snd  DB. 
RANGES 

$45.00  with  test  leads. 


PHILCO  REAM  OF  LIGHT 

ifans  Call  only,  m  koidar . 1.tO 


30%  dapont  laquired  on  nil  C.O.D.  ordan.  3% 
traMportstion  sHownnaa  on  orders  of  331.00  or 
more  seaonpnniad  by  paymant  in  foil. 


rruv 

KHUlU  SUPPLY  & 
ENGINEERING  CO.,  Inc. 


127  SEIDEN  AVF 


DETROli  1  MICH 
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CNL 


DEVELOPMENTS  BT  THE  DESIGNERS 
OF  FAMOUS  ROTOBRIDGE .. .  ^ 


CML  1800:  A-F  FREQUENCY  METER 
AND  TACHOMETER 

Measures  frequency  of  a-c  voltages  10  cycles  to 
20,000  cycles  in  6  ranoes  independent  of  wave 
form.  With  ''photo-oeam  converter"  Model 
1 800  serves  as  an  accurate  electronic  tachometer 
for  measuring  speeds  of  rotating  or  reciprocal 
mechanisms.  Accuracy  better  than  1%  at  full 
scale.  Scores  of  applications  for  laboratory  and 
production  control  operations.  Rugged  Navy- 
type  construction  assures  continuous,  trouble- 
free  operation. 

CML  1210:  PORTABLE  STROBOSCOPE 

Employs  novel  circuit,  using  self-blocking  oscilla¬ 
tor.  Rotary  or  vibratory  motion  can  be  "stop¬ 
ped"  when  moving  object  is  examined  with  strob¬ 
oscopic  light  source.  Valuable  for  slow-motion 
study,  observation  of  stresses  and  strains  under 
dynamic  conditions.  Light  probe  and  4-foot 
cable  housed  in  handle  of  cabinet.  Extremely 
compact:  weighs  only  I9I/2  lbs.  complete. 


DESCRiPTIVE  BUUfTiNS  AVAILABLE  — WHITE  TODAY  . 

IAB0RATOR| 

120  CKCCIIWICB  SWEET .  HEW  YORK  0 
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CML  1115:  DUAL  POWER  SUPPLY 

Provides  independent  "B"  and  "C"  voltages. 
"B"  supply  furnishes  continuously  variable  voltage 
from  I  ^  to  300  v.  d-c  at  70  ma  with  4  mv  rip¬ 
ple.  "C"  supply  fimishes  continuously  variable 
yoltage  from  0  to  65  v.  d-c  with  I  mv  ripple. 
Panel  controls  provide  for  adjustment  output 
through  indicated  ranqe.  Independent  insulated 
panel  connectors  supplied  for  high-voltage  units. 


money  order  or  Superintendent  of 
Documents  coupons  and  should  be 
addressed  to  Superintendent  of 
Documents,  Government  Printing 
Office,  Washinsrton  26,  D.  C. 

Among  the  mimeographed  reports 
on  electronic  subjects  that  can  now 
be  ordered  from  Office  of  the  Publi¬ 
cation  Board,  Department  of  Com¬ 
merce,  Washington,  D.  C.,  are  the 
following: 

No.  886 — Electronic  test  Inotruments  • 
spark  and  flash  discharge  photographic  eauiit! 
ment,  PhUllps,  Eindhoven— 12  ^jres.  |!so  ^ 

No.  421 — 'Manufacture  of  metaUlxed  paMr 
flzed  capacitor  units  by  the  Robert  Bosch  Co 
(description  of  manufacturing  process  and 
metal  vaporizing  machine) — 9  pages,  $.lo 

No.  1027 — German  magnetic  tape  recorder 
Tonschrelber  models  b  and  bl — 24  pages,  $  so’ 

No.  1292 — ^eciallsed  ceramic  products— 1 
their  use  in  German  communication  equio- 
ment — 87  pages,  $.60. 

No.  1671 — Enemy  tube  data  (German,  Jap¬ 
anese,  and  Italian) — 11  pages,  $.60. 

No.  1686 — Technical  report  on  UKW  PE  e  1 
directlon-flndlng  receiver  used  for  radiosonde 
— 6  pages,  $.60. 

No.  1686 — German  vibration  detector — 7 
pagM,  $.60. 

No.  1687 — ^Technical  report  on  German  in¬ 
frared  (night  driving  equipment,  rifle  sight¬ 
ing  medianlsm,  and  aircraft  experimental 
m^el)— 20  P^es,  $.60. 


25  watts  undistorted  output. 

Three  High  Impedance  Inputs— Two  for 
microphone  and  one  for  phonograph. 

Individual  bass  and  treble  boosting 
controls. 

Dynamic  audio  compensation  circuit  on 
phonograph  channel. 

Ultra-modern  cabinet  styling  with  re¬ 
cessed  control  panel  edge  lighted. 

All  aluminum  construction  combines 
durability  with  light  weight. 

New  vane  type  construction  assures  good 
ventilation  and  low  operating  tempera- 


POWER  OUTPUT:  2S  watts  ss- 
distortsd. 

GAIN:  Mlerashans  I3S  db. 
Pliosacrasli  M  db. 
FREQUENCY  RESPONSE:  Rs- 
sMssa  at  so  ayslat  eaatrsllabla 
fiwM  -IS  ta-f  17  db.  Raapaata  at 
10,000  eyelas  aaatrallabla  fraai 
-IS  ta  -1-22  db.  la  additlaa. 
Aadia  Caaipaasatiaa  is  asad  aa 
tha  ahoaafraahle  iaaat  wblali 
boasts  bass  as  tba  valaBia  laval 
is  radaead.  This  aaaiMasatloa 
is  affactiva  avar  a  40  db  raaaa 
in  valana  laaal  aad  rasalts  la 
axeaptiaaal  toaa  balaaaa. 
POWER  REQUiREO:  IIS  watts 
at  I05-I2S  valts  60  ci^ss  AC. 
DIMENSIONS:  Laaath  IS'/i  la., 
Dapth  IO'/4  ia.,  HMfht  S%  la. 

CONTROLS:  Tara  aiiaraahaaa 
volaaia  eaatrols  aad  aaa  paaaa- 
araph  valaaia  aaatral.  Oaa  bass 
boost  aad  oao  jiroMo  boast  aaatroL 

TUBES:  (2)— 0SJ7,  (3)— 
6SL7GT.  (2)— SLOG.  (I)-4U4G. 
OUTPUT  IMPEDANCES:  2,  4. 
8,  18,  2S0,  aad  SOO  ahais. 

INPUT  IMPEDANCES:  Miora. 
phaaa  ahaaaals— 10  maaahais. 
Pbaaopraph  chaaaol  —  800,000 
abais. 

WEIGHT:  26  lbs.  All  alaaiiaaBi 


CAA  Promises  Gradual 
Change  to  VHF  Facilities 

The  chancs:  from  low  frequency  to 
very  high  frequency  radio  for  air¬ 
craft  communications  and  signals 
will  be  gradual,  all  existing  equip¬ 
ment  will  continue  in  use  and  retain 
its  value,  and  there  wiU  be  an  interim 
period  in  which  both  vhf  and  low- 
frequency  equipment  will  be  in  use, 
according  to  T.  P.  Wright,  Admin¬ 
istrator  of  Civil  Aeronautics.  Even¬ 
tually,  after  a  matter  of  several 
years,  all  communications  along  the 
airways  and  all  signals  for  radio 
navigation  will  in  the  vhf  bands, 
which  will  be  better  in  all  respects 
than  that  in  use  today.  In  particular, 
they  will  be  beyond  static  belt. 

Today,  the  private  flier  transmits 
to  CAA  ground  stations  on  3,105  kc 
and  listens  to  traffic  control  towers 
on  278  kc.  This  equipment  repre¬ 
sents  thousands  of  dollars  invest¬ 
ment,  and  will  not  be  disturbed.  The 
CAA  will  continue  to  operate  these 
services  on  these  frequencies.  In  ad¬ 
dition,  the  existing  low-frequency 
ranges  will  be  available  for  use  by 
the  private  flier,  since  his  receiver 
covers  the  200-400  kc  band. 

Anticipating  the  crowding  of  radio 


G>Dcealed  hand  holds  for  easy  portability. 


WATCH  FOR  THE 

NEW  CARDWELL  COMMUNICATIONS 
RECEIVER  TO  BE  ANNOUNCED  SOON 

kttroducmg  now  and  unusual 
wchankal  and  electrical  features 
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BRADLEY 

LABORATORIES,  INC 


channels  by  the  400,000  to  500,000 
airplanes  predicted  within  the  next 
10  years,  the  CAA  has  made  plans 
for  eventual  and  complete  change  to 
vhf  equipment.  Already,  transmit¬ 
ters  are  installed  on  the  ground 
which  can  be  used  by  planes  fitted 
with  vhf  equipment  This  equip¬ 
ment  gives  better  results,  and  also 
relieves  the  3,105-kc  band  which,  in 
congested  areas,  is  already  crowded. 

Radio  manufacturers  plan  to  build 
a  five-channel  transmitter  covering 
the  131-mc  band.  Originally,  only 
two  frequencies  will  be  covered  in 
this  transmitter,  131.9  kc  for  com¬ 
munication  from  plane  to  traffic 
tower,  and  131.7  kc  from  plane  to 
airways  station.  Later,  as  these 
channels  become  crowded,  three 
other  channels  can  be  made  operative 
by  the  simple  addition  to  the  trans¬ 
mitter  of  one  crystal  for  each  one. 

On  the  ground,  vhf  transmitters 
for  talking  to  planes  will  be  in  the 
118-mc  band.  Transmitters  already 
are  installed  at  CAA  towers,  and  are 
being  used  to  communicate  with 
planes  in  congested  areas  in  order  to 
relieve  the  low-frequency  tower  chan¬ 
nels.  At  CAA  airway  stations,  there 
will  be  transmitters  on  111.1  me. 

An  important  advantage  in  the  use 
of  vhf  is  that  90  channels  are  avail¬ 
able  for  aviation  compared  to  60  at 
low  frequency,  and  these  channels 
can  be  repeated  more  often  within 
continental  United  States  without 
interference.  As  far  as  the  average 
pilot  is  concerned,  however,  vhf  will 
be  most  welcomed  for  its  freedom 
from  static,  a  fault  of  the  low-fre¬ 
quency  transmission  that  makes  it 
uncomfortable,  uncertain,  and  some¬ 
times  dangerous. 

New  Range  Beacons 

The  whole  airway  range  system  of 
the  country  is  to  be  converted  to  vhf. 
The  two-course  aural  and  visual  vhf 
range  has  been  developed  to  the  point 
where  it  is  now  installed  on  certain 
airways  in  the  country,  and  plans 
have  been  completed  for  putting  it 
in  on  all  airways. 

Engineers  found  that  conversion 
of  the  aural-visual  range  to  the 
omni-directional  range  employed  the 
same  equipment  and  was  relatively 
inexpensive  to  do.  Thus,  in  the  mid¬ 
dle  of  the  vhf  program,  the  plan  has 
been  modified  to  include  omni-direc¬ 
tional  ranges.  This  type  of  range 
simplifies  flying  for  the  private  flier, 
either  on  or  off  the  airways,  and  still 


PL-6113 
(Typ«  ER-14  BF  SL) 
llaiica:  14-11  mmf.  (approi.) 
(MiHlmMin  capacity  loadad  by 
circular  rotor  platos  — for  a 
Hi(b  "C”  circuit.) 


A  plastic-sealed  real- 
6er  for  high  frequency 
applications,  conserva¬ 
tively  rated  41/2  volts 
A.C.,  3  volts  D.C.,  1 
milliampere  D.C. 

All  Bradley  reaifiers 
have  special  features 
that  give  long  life, 
make  easy  assembly, 
and  assure  accurate 
performance.  Bradley’s 
application  experience 
can  be  called  upon  for 
the  development  and 
production  of  special 
rectihers  for  special 
jobs. 


PL-6076 
(Typo  ER-8-BF/S) 

•  Routt:  1-2.  S  miuf  (approx.) 

The  "Butterfly”  rotor  plates  with  90 

degree  stators  insure: 

iUCTtICAL  SYlMMnRY 
LOW  DISTRIIUTID  INDUCTANCE 

Features 

•  Circular  plates  for  low  loss  fixed 
minimum  permits  adjustable 
band  spread. 

•  No  moving  contacts. 

•  Plates  easily  removed  to  change 
capacity  range. 

•  Isolantite  Insulation. 

•  Single  Hole  Mounting. 

•  Small  size— made  to  fit  standard 
Cardwell  Trim-air  hardware. 


HlustroH^^  litar^erf ure;?i 

I;  oi  l 

09^6  mcHfiers, 
of  selenium  - 


OHmt  tin*  avaHobh.  Inqvirm* 
wit  b*  pnmfiHy  atuwsnd. 
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PRECISION 

CRYSTALS 


TYPE  Z-1 

THE  NEW  STANDARD  CRYSTAL  UNIT 
FOR  ALL  HIGH  FREQUENCY  SERVICE 

FREQUENCY  ^5  TO  10.5  MC. 

TEMPERATURE  COEFFICIENT  LESS  THAN  2  CYCLES 
PER  MC.  PER  DEGREE  CENTIGRADE 

CALIBRATION  ACCURATE  TO  WITHIN.  .005% 
OF  SPECIFIED  FREQUENCY 

MADE  BY 

PETERSEN  RADIO  COMPANY 

COUNCIL  BLUFFS,  IOWA 


MOBILE  TRANSMITTER 


Send  today 
for  latest 
free  catalog 
of  CARTER 
Rotary 
Products. 


1M4 

MILWAUKEE 


Only  CARTER  gives  you  instant  power  when  you 
press  your  transmitter  microphone  switch.  600 
volt  plate  power  in  less  than  350  milliseconds!! 
Actual  laboratory  tests  prove  diis  unequalled  start¬ 
ing  performance,  so  important  for  instant  com- 
mumcadons.  Remember,  only  die  CARTER 
ORIGINAL  GENEMOTOR  gives  you  truly 
instant  power. 

CobM 

DMMMtor 


Now  available— 

Your  guide  to  precise 
usage  in  working  wKh 
ELECTRONICS  terms 


lEFRKEMI  DATA 


Here  !■  the  book 
that  every  elec¬ 
tronics  and  radio  man 
has  been  lodcing  for — 
an  up-to-date,  compre¬ 
hensive  dictionary  cov¬ 
ering  all  the  terms  used 
in  electronics  and  its 
extensive  practical  ap* 
pliutions,  radi^  tele¬ 
vision,  communications, 
and  industrial  electron- 


For  clear,  precise  definitions,  accurate  usage 
well-jllustrated  descriptions,  and  for  standardized 
selling,  abbreviating,  and  hyphenating  policy, 
this  book  will  be  a  constant  aid  to  everyone  work- 
mg  with  electronics  and  radio  engineering — 
whether  student  or  engineer,  editor,  or  engineer¬ 
ing  secretary. 

Just  Published! 

ELECTRONICS 

DICTIONARY 

By  NELSON  M.  COOKE.  Lt.  Com.  UJ.M. 

Executive  Officer,  Radio  Meteriel  School 
Naval  Research  Laboratory,  Washington,  D.  C. 

ood  JOHN  MARKUS 

Associate  Editor,  Electronics 

433  pofiot.  5%  sB¥t 
ovor  400  lllMtrotleot,  $5.00 

NOW  at  last  here  is  an  authoritative  work  to 
clarify  and  define  the  myriad  new  terms 
that  have  come  into  usage  with  the  vast  growth 
of  electronics  and  electrical  engineering.  Nowhere 
else  will  you  find  a  dictionary  comparable  to  this 
in  scope  and  timeliness.  Nowhere  else  will  you 
find  such  a  thorough,  extensive,  generously  illus¬ 
trated  compilation. 

This  glossary  fully  covers  terminology,  principles, 
processes,  equipment,  abbreviations,  and  collo¬ 
quialisms  in 
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This  excellent  dictionary  should  be  of  constant 
usefulness  both  to  the  technician  and  to  the  most 
advanced  electronics  engineer,  for  its  definitions 
are  exceptionally  precise  and  accurate,  and  in  most 
cases,  each  is  complete  in  ibmlf.  Invaluable  for 
its  consistent  abbreviating  and  hyphenating  policy. 
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gives  the  airline  pilot  the  kind  of 
guidance  he  needs.  In  addition,  a 
grid  of  ranges  similar  to  the  trans¬ 
oceanic  type  eventually  will  be  spot¬ 
ted  throughout  the  country  for  trans¬ 
continental  great  circle  flights  at 
high  altitudes.  Airliners  on  such 
flights  will  be  able  to  fly  the  shortest 
routes  without  regard  to  the  present 
irregular  airway  courses  between 
cities,  for  they  always  will  be  within 
the  sound  of  these  high-powered  di¬ 
rection-finding  facilities. 

Blind  Landing  Syatenys 

Instrument  landing  equipment  is 
being  installed  by  the  CAA  at  nearly 
100  airports  throughout  the  country. 
This  is  the  three-element  system  de¬ 
veloped  by  the  CAA,  consisting  of 
the  localizer,  glide  path  and  marker 
beacon.  Although  the  Army  and 
Navy  did  remarkable  things  with 
radar  in  instrument  landing  during 
the  war,  the  pilots  of  the  airlines,  the 
technical  men  of  the  airlines  and 
CAA  radio  engineers  all  agree  that 
considerable  development  work  will 
be  required  before  radar  is  safely  ap¬ 
plicable  to  commercial  use. 

Of  the  three  elements  of  the  CAA 
landing  system,  the  marker  beacon 
is  considered  fully  developed.  The 
localizer,  heretofore  operated  on  a 
basis  of  amplitude  comparison,  with 
90  cycles  transmitted  on  one  side  and 
150  cycles  on  the  other  of  the  line  to 
define  the  course  along  the  runway, 
has  been  improved  by  using  phase 
comparison  instead  of  amplitude 
comparison.  Now  the  course  is  de¬ 
fined  by  comparing  the  phase  of  two 
60-cycle  signals.  This  change  has  re¬ 
sulted  in  a  considerable  simplifica¬ 
tion  of  the  equipment  required  in 
the  transmitter  on  the  ground,  and 
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COAXIAL  CABLE  PROGRAM 


-the  manufacture 
of  transformers  to  fit  the 
specialized  requirements 
of  the  Electronic  Industry 


Slotu  oi  AT&T  coctBt-to<oaat  cocndol  net¬ 
work.  Some  soctiona  will  bo  radio  relay 
within  the  next  few  years.  About  700  miles 
of  cooxial  toll  cables  were  placed  in  1945, 
and  some  2,100  miles  is  scheduled  for  1946. 
The  recently  completed  New  York-Wosh- 
inqton  link  has  already  been  used  success¬ 
fully  for  teloTision  programs 
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a  lightening  and  simplification  of  the 
airborne  receiver.  A  8traight-line> 
glide  path  has  been  developed  as  an 
additional  improvement  of  the  land¬ 
ing  systena. 

The  CAA  is  cooperating  with  the 
Army  in  service  testing  of  its  auto¬ 
matic  instrument  landing  system.  In 
this,  the  indications  of  the  cross¬ 
pointer  instrument  by  which  the  sys¬ 
tem  is  flown  are  connected  to  a  stand¬ 
ard  automatic  pilot,  and  the  airplane 
is  flown  to  the  point  of  contact  with 
the  ground  without  human  hands  on 
the  controls. 

Telediffusion  in  Sweden 

By  Leonard  Silk 

MeOraio-Hill  World  Newt 

Btockholm,  Sweden 

A  FIGHT  is  in  progress  here  between 
supporters  of  telediffusion  or  wired 
wireless  and  technical  experts  favor¬ 
ing  frequency  modulation  as  the  solu¬ 
tion  of  Sweden’s  broadcasting  dif¬ 
ficulties.  Telediffusion  is  being  con¬ 
sidered  not  because  mountains  make 
reception  in  valleys  poor,  but  be¬ 
cause  of  the  great  distances  to  the 
relatively  few  wireless  transmitters 
which  it  has  been  possible  to  install 
in  Sweden  owing  to  the  lack  of  wave¬ 
lengths,  and  perhaps  even  more  im¬ 
portant,  because  of  the  severe  elec¬ 
trical  interferences  in  many  areas 
here. 

People  living  along  the  railroad 
tracks  in  Sweden  find  it  impossible 
to  use  their  radios  at  certain  hours 
during  the  day,  since  the  Swedish 
railroads  are  largely  electrically- 
powered.  Besides  disturbances  from 
high-tension  power  lines  and  contact 
wires  for  the  railways,  there  are 
those  from  electric  plants  in  fac¬ 
tories,  hospitals,  and  office  buildings. 
Those  listeners  are  worse  off  who  are 
resident  in  certain  districts  of  Varm- 
land,  Dalsland,  Bohuslan,  Smaland 
and  certain  communities  along  the 
railways.  In  almost  every  case,  these 
are  not  mountainous  areas.  In  the 
North,  however,  some  interference 
is  experienced  from  ionospheric  dis¬ 
turbances. 

According  to  an  over-all  estimate 
made  by  the  Radio  Bureau  of  the 
Telegraph  Administration,  even  if 
existing  broadcasting  stations  had 
been  expanded  to  the  fullest  possible 
extent,  about  600,000  subscribers  to 
the  broadcasting  network  could  not 
get  satisfactory  reception.  This  fig¬ 
ure  is  fantastically  large,  since  the 
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total  number  of  radio  licensees  in 
Sweden  is  1,840,000. 

Another  great  complaint  of  Swed¬ 
ish  listeners  is  lack  of  variety  in 
their  radio  diet.  At  present  only  one 
program  is  broadcast  simultaneously 
for  all  of  Sweden.  The  Broadcasting 
Committee’s  ambition  is  to  provide 
three  programs  simultaneously. 

VHF  F-M  Broadcasting 

In  searching  for  solutions,  the 
Committee  discovered  that  no  new 
wavelengths  can  be  obtained  for 
Sweden  in  the  long-wave,  medium- 
wave  and  short-wave  bands.  There 
are,  however,  possibilities  in  the  vhf 
bands,  in  which  f-m  is  being  consid¬ 
ered.  It  would  be  possible  here  with 
about  150  vhf  transmitters  at  an  es¬ 
tablishment  cost  of  about  $6,800,000 
to  reach  about  75  percent  of  the  pres¬ 
ent  number  of  license  holders.  This 
method  permits  transmission  of  two 
programs  at  once.*  Main  objection  to 
the  solution  through  f-m  is  that 
present  radio  receiving  sets  cannot 
be  used  for  reception  of  f-m.  Capital 
invest^  in  receiving  sets  has  been 
estimated  at  an  amount  ranging  be¬ 
tween  $60,000,000  and  $270,000,000. 

Carrier,  Broadcast  System 

The  second  solution  (which  has 
the  support  of  the  Committee)  is 
using  high-frequency  wired  wireless 
by  which  radio  programs  would  be 
distributed  along  available  telephone 
lines.  It  would  thus  be  possible  to 
avoid  difficulties  that  arise  due  to 
lack  of  wavelengths  in  radio  trans¬ 
mission,  and  three  or  four  programs 
could  be  transmitted  on  each  line. 
Broadcasts  would  be  piped  from 
Stockholm  to  booster  stations  and 
thence  to  private  houses  (or,  in  small 
villages,  to  one  house  which  would 
serve  as  feeder  for  others). 

It  is  possible  to  transmit  programs 
by  carrier  via  electric  power'  mains, 
but  the  plant  then  becomes  tech¬ 
nically  complicated  and  exp^siye. 
Something  similar  was  tried  in  Ger¬ 
many  under  Hitler  but  for  a  different 
reason — to  keep  internal  propaganda 
truly  internal,  and  perhaps  to  avoid 
broadcast  transmissions  going  off  the 
air  in  case  of  air  raids. 

The  Committee  considered  use  of 
telephone  lines  to  be  preferable,  es¬ 
pecially  since  transmission  can  take 
place  without  breach  of  telephone 
secrecy.  Listeners  will  not  have  to 
buy  new  and  expensive  receiving  sets. 
Also,  sp^ial  mass-produced  wired 
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atively  low  temperature  and 
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wireless  receiving  sets  would  be  a 
great  deal  cheaper  both  to  buy  and 
operate  than  present  sets. 

Sweden  would  continue  to  broad¬ 
cast  one  of  its  three  programs  on  the 
air  and  would  pipe  that  program  plus 
two  others  through  the  wires.  Major 
criticisms  to  the  scheme  are  that  a 
nondemocratic  government  could  do 
terrible  things  with  such  a  tight  in¬ 
ternal  system  and  that  it  would  take 
so  long  to  complete  (20  years).  Pro¬ 
ponents  reply  that  the  scheme  could 
be  effected  immediately  to  give  those 
with  phone  lines  a  variety  of  pro¬ 
grams,  that  it  is  essential  to  get 
going  with  some  scheme,  and  that 
new  phone  lines  which  must  be  laid 
are  important  and  useful  in  any  case. 

The  Committee  has  made  addi¬ 
tional  suggestions  and  given  prices 
for  other  means  of  improving  Swed¬ 
ish  broadcasting.  For  extension  of 
the  wireless  station  grid :  $5,000,000. 
For  installation  of  two  short-wave 
transmitters  (to  beam  programs  to 
Swedes  abroad) :  $2,400,000.  For 
building  of  a  Broadcasting  House 
(huge  studios)  in  Stockholm,  on 
which  construction  will  probably 
start  this  summer:  $12,500,000.  For 
wired  wireless  to  listeners  unable  to 
get  fully  satisfactory  reception :  $42,- 
000,000.  For  wired  wireless .  to  all 
listeners  in  order  to  provide  several 
simultaneous  programs:  $94,000,000. 


Lanac  for  Aviation 

A  NEW  WARBORN  SYSTEM  for  protec¬ 
tion  and  navigation  of  aircraft  while 
in  flight  has  been  announced  by 
Hazeltine  Electronics  Corporation. 
It  is  caUed  Lanac,  abbreviation  for 
Laminar  Air  Navigation  and  Anti- 
Collision  system. 

The  basic  concept  of  the  system, 
developed  by  Knox  Mcllwain  of  the 
Hazeltine  organization,  rests  upon 
the  fact  that  commercial  and  private 
aircraft  while  in  flight  are  restricted 
to  certain  laminae  or  air  strata  and 
that  it  is  essential  for  these  planes 
to  know  what  obstacles  are  present 
in  their  respective  strata  of  opera¬ 
tion.  The  system  makes  it  possible: 
(1)  to  prevent  collisions  between 
planes  in  the  air  or  between  planes 
and  mountains,  high  buildings,  or 
other  flxed  obstacles;  (2)  to  identify 
individual  planes  while  in  flight  as 
to  airline  and  flight  number;  (3)  to 
furnish  direction  and  other  data  di¬ 
rectly  to  the  pilot  without  the  assis- 


Thermador  is  a  name- 
remembered  when  the  ut¬ 
most  in  transformer  qual¬ 
ity  is  desired,  and  when 
exceptional  engineering 
skill  is  required. 


-Sivn  IniwsAkni*' 


THERMADOR 

TNERMADOR  ELECTRICAL  MFC.  CO. 
5111  District  IM..  Lti  Aiisits  72,  CaHlsniia 
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TERMINAL 

BOARDS 

FOR 

Electronic 

Equipment 

MADE  TO  ORDER 
IN  ANY  QUANTITY 

• 

IMMEDIATE  DELIVERY 

.  Send  for  quotation 
FIVE  STAR  RADIO  CO. 

41 6*1  •  Broodway  •  Cowbridgo.  Moss. 


INDUSTRIAL  USES 

BURGESS 

BAHERIES 

RECOGNIZED  BY  THEIR 
STRIPES ‘REMEMBERED 
BY  THEIR  SERVICE 


THERMOSTATIC  SOLDERING  IRON 

A  0>v  iston  of 

Sound  Equipment  Corp.of  Calif  •  3903  San  Fernando  Rd  Glendale  4, Calif. 


Amerlca’t  Only  Soldering  Iron 

WITH  BUILT-IN 
lOSTAT 

215  WATT$  POWER  I.  •  Mara 


0 


#3 


^VHOT  in  90  SECONDS 

Rsody  for  wm  90  M<04id>  oflor  ta'l 

Tlw  KwiklMot  Seldorinfl  Iron  cowiot  avor* 
iMot . . .  adds  t*  lif*  of  tips  ...  rpqpifM  Iom 
rafiNMUp  tliiia,  bacowt*  KwiklMot't  b«iN>hi 
polMlad  ttwrMORtot  MoiMtolwt  propar,  avaa 
kaot  far  Mast  affkiaat,  acoaoMkol  aparotlaa. 
fawarfal— 22U  watts— yat  lipM  waipkt  (14 
ass.).  Wall  boloMcad  witli  caal,  prata^iap 
kaadla.  Six  latarcfcaapaabla  tip  dasipas  adapt 
tka  Kwikkaat  Iraa  ta  Mast  aay  saldariap  (ab. 
Iron  with  choica  of  any  ona  tip,  $11.00 

M  6  Interchangeable  tip 
T  styles  are  available. 


.,1  ■ 

6  IIP  STYlfS  QUICK  HIAIIIC  EllMfSI- BUIII  IN  IHrRMOSIAT- rtf  U  BAlANCtD  -  IICHT  rtflCHT-COOl,  PROTfCIINC  MANOir 


Opstglmuf  Cads  far  alactronk  and  talapliona  purpotat. 
Mgli  NrmaabdHy  Coras  ora  hydregan  onnaoiad  and 
haal  traotad  by  a  tpackd  procats  davalopad  by  DX  angi* 
fippn.  Sand  im  yoor  **tpact'*  today— ampla  predwcHon 

UWotp^WBO^V  WaWoya 


DX  RADIO  PRODUCTS  CO. 

CISflAl  OffICES  1200  N  ClAREVONT  AVE  CHICAGO  22  III  USA 
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-ATR 

.QUALITY  PRODUaS^ 


ATR 

"A" 

BATTERY  ELIMINATORS 

FOR  CONVERTING  A.C.  TO  D.C. 
New  Modeb  .  .  .  dMi9n*d  for  fotf* 
infl  D.C.  oloctricol  apparatm  on  roa- 
nlar  A.C.  Hnot.  Equipped  wMi  full- 
wave  dry  disc  type  rectifier,  assur- 
Inf  neheleM,  interference-fm  op¬ 
eration  and  axtromo  lenq  Hfo  and 
roRability.  ' 

•  EHmlMtos  Storaqo  Batterios  and 
Battery  Chargers. 

•  Operates  the  Equipment  at  Maxi¬ 
mum  Efficiency  at  AH  Times. 

•  Fully  Automatic  and  Fool-Proof. 


LOW  POWER  INVERTERS 

FOR  INVERTING  D.C.  TO  A.C. 
Another  Now  ATR  Model  .  .  .  de¬ 
signed  for  operating  smaH  A.C.  me- 
ton,  electric  rason,  and  a  host  of 
other  small  A.C.  deices  from  D.C. 
voltages  sources. 


STANDARD  AND 
HEAVY  DUTY  INVERTERS 

FOR  INVERTING  D.C  TO  A.C 

A.C 

i—f  ffOM  O.Ce  yifaiM  In  vhirtnig 
nwfvicfDo 


trains^  pianos,  and  In  O.C 


VfRITE  FOR  NEW  CATALOG- 
JUST  OFF  THE  PRESSI 


AMERICAN  TELEVISION  &  RADIO  CO^ 

f'r  .  fi  r  IV  );  / 

I^ST  PAUl  1  MINN  '  u  S 


tarice  of  a  ground  crew;  (4)  to  in¬ 
crease  the  traffic-handling  capacity 
of  airways  and  airports;  (5)  to  in¬ 
crease  the  safety  of  transoceanic  and 
other  flights  far  distant  from  ground 
stations;  (6)  to  give  automatic  navi¬ 
gational  aid  to  pilots  while  flying  so 
that  the  possibility  of  lost  planes  is 
reduced  to  a  minimum;  (7)  to  give 
airports  and  ground  check  stations 
continuous  data  on  the  location  as 
well  as  the  identity  of  all  planes. 

If  the  Lanac  system  is  officially 
adopted,  every  airplane  will  be 
equipped  with  a  challenger  and  a  re- 
plier — radar  sending  and  receiving 
sets  controlled  by  barometric  devices 
so  as  to  be  responsive  only  at  the  al¬ 
titudes  for  which  they  are  set.  The 
challenger  sends  out  a  constant 
series  of  challenges  which  are  auto¬ 
matically  picked  up  by  the  repliers 
of  other  planes  in  the  same  air 
stratum.  Upon  receipt  of  such  sig¬ 
nals,  the  replier  automatically  trans¬ 
mits  a  reply  so  that  the  presence  of 
another  plane  in  the  same  stratum  is 
instantly  known  and  collision  can  be 
avoided.  When  ascending  or  de¬ 
scending,  the  pilot  can  temporarily 
change  the  barometric  range  of  his 
challenger  to  investigate  the  air  lay¬ 
ers  he  is  approaching.  Through  ba¬ 
rometric  selection,  a  plane  in  normal 
operation  is  advised  only  of  obstacles 
in  its  own  stratum  of  flight  and  is 
not  confused  by  a  multiplicity  of  sig¬ 
nals  from  other  strata. 

Mountains,  high  buildings,  and 
other  fixed  obstacles  can  be  equipped 
with  permanent  repliers  which  will 
be  responsive  to  challenges  trans¬ 
mitted  by  any  planes  flying  at  a  dan¬ 
gerous  altitude. 

Plane  identification  is  obtained  by 
varying  the  characteristics  of  the 
reply  signals  transmitted  by  the  re¬ 
plier  of  each  plane,  so  as  to  reproduce 
in  Morse  code  the  letter  designation 
of  each  individual  plane.  This  in¬ 
formation  can  be  picked  up  by  other 
planes  and  by  ground  stations. 

For  navigational  purposes  the 
pilot  of  a  Lanac-equipped  plane  will 
be  able  to  challenge  navigational  bea¬ 
cons  on  the  ground  and  receive  their 
replies,  each  so  coded  as  to  be  read¬ 
ily  identifiable.  By  means  of  these 
navigational  fixes  the  pilot  can  es¬ 
tablish  his  exact  position  and  deter¬ 
mine  his  ground  speed.  The  plan  en¬ 
visages  the  establishment  of  these 
navigational  beacons  at  strategic 
points. 

The  Lanac  system  is  already  in  an 
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Electrical  «papors  are  differ* 
ontl  That  it  why"  it  pays  to 
consult  with  tpocialists  in 
determining  the  most  ofRci* 
ont  paper  for  o  particular 
purpose.  Our  roMorch  de¬ 
partment,  tpeciolittt  in  Elec¬ 
trical  Paper  applications, 
will  be  glod  to  analyze  your 
requirements  and  recommend 
papers  of  correct  properties. 

FREE  BOOK 

Contains  data 
on  Electrical 
Paper  proper¬ 
ties  and  a 
wide  variety 
of  samples. 


Rce.  u.  s; 


PAT.orr. 


CiHTRAL  PAPER  COMPANY 

IMCORPORArfO 
1M2  UKESHORE  DRIVL  MBSHEBON.  MCH 

OPncBMi 

BOtreA  NS*  TSIIK,  BM.TW0M.  SOFFMA  anrtuuo. 
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I  .  I  .  DAI  IS.  IN*. 

Wholesale  Distributors 

RADIO-EIECTRONIC  SUPPLIES  &  PARTS 
17  Union  Square 

NEW  YORK  3,  N.  Y. 

Phonos  ALgonqum  4-8M2-3-4-5  6  / 


GOAT  PRECISE-FORMED 
DEEP-DRAWN  METAL  PARTS 
Z€uU/U^  at 

Deep  drawing,  sizing  and  coining,  in  conjunction  with 
quality  control  techniques  devised  by  the  Goat  Company,  make 
possible  the  economical  production  of  small  parts  to  tolerances 
unattainable  a  few  years  ago.  The  -new  method  makes  ex* 
pensive  annealing  operations  unnecessary.  The  use  of  these 
economically  produced,  precision  parts  reduces  both  material 
costs  and  assembly  costs. 


Send  us  your  design  prints  for  I  Hr 
engineering  recommendations  I 


GOAT  METAL  STAMPINGS,  INC. 
Affiliate  of  The  Fred  Goot  Co.,  Inc. 

BROOKLYN  ,N.  Y 


314  DEAN  STREET 


TONES  BARRIER 
TERMINAL  STRIPS 

Bakelite  Barriers 
placed  between 
Terminals  Increase 
the  leakage  path 
and  prevent  direct 
shorts  from  frayed 
.  2*142  wires  at  Terminals. 

Terminals  and 
screws  are  of  nickel 
plated  brass.  Insu* 
lotion  Is  of  BM 120 
molded  BakeBte. 
Unstroted  are  three 

solder  Terminals  and 
Screw  Terminal 
<d>ove  panel  with 
solder  Termlnol  be* 
low.  For  every  need. 

Star  series  cover  ew- 
2.142.T  requirement: 

No.  140  —  5*40 
■crews.  No.  141 — 8*32  screws.  No.  142 — 
8-32  screws.  No^  ISO — 10-32  screws.  151 — 
12*32  screws  and  No.  152—^*28  screws. 

These  sturdy  Teimlncd  Strips  will  not  only 
Improve  your  elsctrlcol  connections  but 
wOladdooiiiAdsrobly  todie  oppeoronce  of 
your  eqnlpBisnt  A  truly  modem  TennlnaL 

Wills  today  lor  calcdeg  No.  14  Bsttng  our 
cmnplsto  IfaM  el  Banisr  Strips  In  addition 
to  other  Etoctikxil  Oeonecflag  Devloss. 


ihOUJARD  B  J0n€S  COfTIPflny 

2«50  Ui  3€CKC-€  ST  CHICAGO  14 


2-142-T 


Power 

Transformers 

(Up  to  J  kwJ 

Audio 

Transformers 

High-Voltoge 

Transformers 

Filter  Chokes 

Coils 


DINION  coil  COMPANY,  Inc. 


CALEDONIA,  N.  Y. 


Specialists  in  Dittiga 


SSL  IS!: 
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advanced  stage  of  practical  develop  • 
ment  since  the  whole  system  is  based 
upon  scientific  developments  workei 
out  during  the  war.  It  is  estimated 
that  the  complete  equipment,  include 
ing  challenger,  replier,  and  all  acces¬ 
sories  for  airplane  use,  will  weigh 
approximately  200  pounds  and  re¬ 
quire  a  space,  exclusive  of  antenna 
blisters,  of  about  4.8  cu  ft.  * 

Instrument  approach  can  be  gov¬ 
erned  by  an  additional  position  on 
the  control  switch  by  means  of  which 
an  oscilloscope  can  be  made  to  show 
the  horizontal  and  vertical  position 
of  the  plane  with  respect  to  a  true 
glide-path,  together  with  the  amount 
of  heading  into  the  wind  required  to 
resist  any  existing  cross-wind.  The 
desired  glide  angle  is  obtained  semi- 
automatically  by  the  mere  setting  of 
a  switch,  after  which  the  pilot  needs, 
only  to  keep  certain  pips  in  align¬ 
ment  on  his  oscilloscope. 


FOR  RADIO  AND 
ELECTRONIC  APPLICATIONS 


ONAN  ELECTRIC  GENERATING  PLANTS 
supply  reliable,  economical  electrical  service 
for  electronics  and  television  applications  as 
well  os  for  scores  of  general  uses. 

Driven  by  Onon  4-cycle  gasoline  engines, 
these  power  units  are  of  single-unit,  compact 
design  and  sturdy  construction. 
Suiti^le  for  mobile,  stationary  or 
emergency  service. 

>4«€tol«  raitf*  from  SSO  to  )S,000 
walta,  A.  ClypMfrom  115t*660 
volts,  SO.  60,  ISO  cyclos,  singlo  or 
llM»o-phasoond400,500ond600 
cydos,  tinslo  phoso.  C.  typos 
from  6  to  4000  voHs.  Also 
oblo  voHopo  and  spociol 

froqwoncy  typos. 


AAF  Guided  Missiles  Group 

The  functions  of  the  First  Ex¬ 
perimental  Guided  Missiles  Group, 
established  this  year  by  the  Army 
Air  Forces  with  headquarters  at 
Elgin  Field,  Florida,  and  commanded 
by  Colonel  H.  T.  Alness,  will  be  de¬ 
velopment  of  tactics  and  techniques 
of  guided  missile  operations,  train¬ 
ing  of  personnel,  development  of 
organizational  and  equipment  re¬ 
quirements  of  the  group,  and  dem¬ 
onstration  of  guided  missiles  in  the 
AAF  program. 

Personnel  for  the  group,  to  be  com- 
I)osed  of  715  enlisted  men  and  130 
officers,  will  consist  almost  entirely 
of  highly  trained  specialists.  The 
men  are  being  selected  for  their 
knowledge  of  radar,  television,  infra¬ 
red,  aerodynamics,  control  systems, 
and  other  scientific  devices  connected 
with  guided  missiles. 

The  group  will  not  participate  in 
origination  or  technical  develop¬ 
ments  of  guided  missiles,  but  will 
develop  their  tactical  use  and  deter¬ 
mine  the  best  methods  of  employing 
them  in  combat. 


327$  Reyobtep  Avo, 
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Guided  Missile  Projects 

Several  missiles  have  already  been 
developed  and  are  now  ready  for  tac¬ 
tical  experiments.  The  Azon  bomb, 
a  standard  1,000-pound  bomb  with  a 
radio-controlled  tail  that  can  be 
steered  to  the  left  or  right  on  receipt 
of  radio  signals  from  the  plane  drop- 
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Specializing  in  the  production  of  highest 
quality  Alnico  Magnets  in  ail  grades 
including  new  triple  strength  No.  5. 

Production  material  checked  to  assure 
highest  uniform  quality  of  product. 

Castings  made  to  customer's  special 
order  on  the  basis  of  sketches  or  blue 
prints  furnished. 

information  and  suggestions  furnished 
on  request. 


MANUFACTUIEIS  OF  HIGH  COIICIVE  MA6NITIC  AllOYS 


HETrC  CORPORi 


2126  E.  FORT  STREET 

DETROIT  7,  MICHIGAN 


ORE  P.A’s 
O  N  S  U  LT 
MacRAE’S 

For  advertising  and  book 
rates,  call  your  agency 
or  write  . . . 


A  DIREaORY  OF  AMERICAN  INDUSTRY 


29  E.  HURON  ST.  CHICAGO  11,  ILL. 


RMBItT  VLCD.  Ik.  •  Ria  a.  Iralln,  RT 
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ir  Just  turn  those  tight-tolerance  re¬ 
sistor  requirements  of  yours  over  to 
CLAROSTAT,  just  os  other  instru¬ 
ment-makers  have  been  doing  lor 
years  past 


Remember,  CLAROSTAT  special¬ 
ists  offer  over  two  decades  of  wind¬ 
ing  experience,  outstanding  skill, 
and  exclusive  winding  facilities. 
They  wind  all  wire  sizes  even  down 
to  .0009"  dio.  >/i^dings  os  Rne  os 
600  to  700  turns  per  inch,  on  boke- 
lite,  ceramic  or  other  materioL  flat 
or  round.  Also  string  windings  in 
fibre  glass  and  cord. 


it  Submit  your 
problem  .  . 


Solving  your  resistance  and  control  problems 
is  our  business.  Call  on  us  for  engineering 
collaboration,  specifications,  quotations. 
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Radio 

Headquarters 


We  ship  at  ooce— parts, 
equipment,  whatever  you  need! 


This  hoase  began  its  career  almost  as 
early  as  Broadcasting  itself!  Today,  25 
years  later,  we're  the  world’s  largest  radio 
supply  house!  Standard  Lines:  National, 
Hammarlund,  R.C.  A.,  Hallicrafters,  Bud, 
Cardwell,  Bliley,  and  all  the  others! 


SUPIRSPEED  SERVICE  Orders 
shipped  out  same  day  received, 
on  most  goods. 


ENGINEERING  SERVICE  If  your 
engineering  problem  requires 
special  equipment,  we’ll  make  it 


nmn^ 

Latest  bargain  flyer 
includes  test  instru* 
meats,  record  chang* 
ers,  communication 
receivers,  ham  trans¬ 
mitting  tubes  and  a 
host  of  electronic 
items  you  need  today. 


tttkjbio  WUte 
Tjeievistan  ine» 

NEW  YORK  IS  tOSTON  10  NEWARK  S 


Cut  out  coupon,  potto  on  ponny  post  cord,  moil  today 


K.  Mf.  7.  Dipt*  KIMt 

100  AVENUE  OF  THE  AMERICAS,  NEW  YORK  IS 


Guultmtiv  Semd  me  FREE  of  your  Latest  Bargmin  Flytr 
C-36,  packed  with  recent  electronic  equipment  and  compondUt, 


noonoop  . . .  ,  ,  ,  . 
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ping  it,  proved  highly  successful 
against  bridges  in  India  and  Burma. 
One  bridge  was  destroyed  for  each 
four  sorties,  a  greatly  increased  ef¬ 
ficiency  percentage  over  ordinary 
bombs.  A  further  development,  com¬ 
pleted  just  before  the  end  of  the  war, 
was  the  Razon  bomb,  controllable  in 
both  azimuth  and  range. 

Other  guided  missile  projects  in¬ 
clude  Felix,  a  bomb  attracted  to  heat, 
and  the  Roc,  a  standard  1,000-pound 
bomb  equipped  with  television  to 
scan  the  target  and  relay  vital  infor¬ 
mation  back  to  the  aircraft. 

Although  the  only  fully  developed 
American  guided  missiles  at  the 
present  time  are  air-to-ground  types 
dropped  from  an  aircraft,  extensive 
plans  have  been  made  for  the  de¬ 
velopment  of  ground-to-air  and 
ground-to-ground  missiles.  The  Ger¬ 
man  V-2  rocket  is  an  example  of 
ground-to-grqund  missiles. 

Further  possibilities  of  guided 
missile  development  include  retriev¬ 
able  missiles  for  reconnaissance,  au¬ 
tomatic  photographic  sorties,  and 
other  similar  long-distance  missions. 

Wireless  Television  Camera 

Peacetime  benefits  from  wartime 
development  of  a  television-guided 
bomb  were  described  by  Farnsworth 
Television  &  Radio  Corp.  A  portable 
camera-transmitter  unit,  built  orig¬ 
inally  to  help  bombardiers  steer  their 
missiles  directly  to  the  target,  has 
proved  adaptable  to  on-the-spot  tele¬ 
vision  news  pickups.  The  camera  is 
light  enough  to  be  carried  in  an  ordi¬ 
nary  large-sized  suitcase  and  can  be 
operated  by  battery  if  a  power  line 
is  not  available. 

A  main  transmitter  beams  out  syn¬ 
chronizing  signals  to  lock  in  the 
signals  of  the  portable  camera-trans¬ 
mitter,  which  then  sends  its  com¬ 
posite  signal  back  to  the  main  trans¬ 
mitter  for  broadcasting.  The  present 
range  from  which  this  signal  can 
reach  the  main  transmitter  is  about 
15  miles. 

The  AAF  high-angle  television 
bombing  technique  was  in  its  final 
stages  when  the  war  ended  last  Au¬ 
gust.  The  camera-transmitter  unit, 
an  18-inch  diameter  cylinder  having 
a  depth  of  15  inches,  was  shock- 
mounted  in  the  nose  of  a  1000-pound 
bomb.  Also  in  the  bomb  was  a  radio 
receiving  unit  which  controlled  a 
small  gyroscopic  mechanism  in  the 
tail  section.  After  the  bomb  fell 


SUPREME 

TESTING  INSTRUMENTS 


AFTER  A  GREAT 

WAR  RECORD 


SUPREME 

MODEL  504-A 

TUBE  AND  SET  TESTER 

SUPREME  regrets  that  war 
necessitated  an  interruption 
of  service  to  its  customers 
and  friends. *We  are  genu¬ 
inely  glad  to  get  back  into 
peacetime  production — pro¬ 
duction  for  YOU. 


MANY  SUPREME  INSTRUMENTS 
NOW  AVAIUBLE 

— But  not  enough  to  take 
care  of  all  orders  at  one 
time.  Demand  for  accurate, 
dependable  SUPREMEequlp- 
ment  is  such  that  we  suggest 
you  make  arrangements  for 
your  needed  new  SUPREME 
models  without  delay. 

SEE  YOUR  NEAREST  SUPREME 
JOBBER  NOW! 


SUPREME 


SUPREME  INSTRUMENTS  CORP. 
GREENWOOD,  MISS. 

U.S.A. 


Esport  Daportmant: 

THE  AMERICAN  STEEL  EXPORT  CO.. 
374  Madison  Avo.,  Now  York  17,  N. 


Inc. 
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SAY  MODERN  METHODS  ^ 
SLASH  SCREW  COSTS  86%  ! 

tb 

KEENE,  N.  H.  (Special) — Modern  methods  th 
applied  to  screw  manufacture  were  cited  today  p 
as  responsible  for  the  incredible  saving  of 
86%  in  screw  costs  for  a  customer  of  the  New  g 
England  Screw  Company  of  this  city.  Figures 
show  that  the  customer  was  paying  $3.75  a 
thousand  for  screws  from  another  source  and 
that  New  England  Screw  furnished  the  same 
product  for  only  53c. 

The  customer  first  approached  New  England 
Screw  when  they  beciune  dissatisfied  wifh 
deliveries  and  service  from  another  manufac¬ 
turer.  Already  far  behind  in  production,  they 
had  little  hope  of  catching  op,  much  less  of 
saving  iny  money. 

"Our  delivery  schedules  had  to  be  set  so 
high,"  recalled  the  president  of  New  England 
Screw,  "they  didn’t  dream  we  could  maintain 
them.  But  we  didi  And  saved  them  86%  in  the 
bargain!" 

One  of  the  many  special  screws  made  by 
this  firm  is  shewn  in  the  illustration  at  the  left. 
New  England  Screw  has  been  making  standard 
and  special  screws  and  headed  shanks  for  over 
- 50  years,  and  their  mod¬ 
em  manufacturing  meth¬ 
ods  are  described  in  an 
interesting  catalog  which 
will  be  sent  to  any  com¬ 
pany  requesting  it  En¬ 
gineers  of  any  manufac¬ 
turer  using  screws  or 
headed  shanks  are  in¬ 
vited  to  consult  with 
their  Engineering  De¬ 
partment  which  will  glad¬ 
ly  co-operate. 

NEW  ENQUND  SCREW  CO. 

KEENE,  NEW  HAMPSHWE 


An  Invitation  to  All  Blectrieal  Designers  to 

TRY  SILVER  GRAPHALLOY 


OHi 


fOR  BRUSHES 

High  current  density,  low  contact  drop,  low 


'CS 


FOR  CONTACTS 

Low  contact  resistance  and  non-w|lding 


etectrical  noise,  and  self-lubrication  ore  when  breaking  surge  currents  are  inherent 
charocteristics  of  this  silver-impregnated  properties  of  this  unique  combination  of 
molded  graphite  that  may  be  the  answer  conductive  silver  and  self-lubricating 
to  your  electrical  brush  problems.  graphite. 

SAMPLES  of  Silvor  Graphalloy  will  be  gladly  furnishod  for  test  on  your  appikations. 
Sihror  Graphalloy  is  usually  silvar  plotad  to  parmit  easy  soldaring  to  loaf 
springs  or  holdars.  Why  not  WRITE  NOW  for  your  tost  samplas? 

CRAPHITE  METALLIZING  CORPORATION^^MMlhta 

loss  NEPtERHAN  AVE  •  YONKERS,  NEW  YORK 


SLIP-RING  AND  COMMUTATOR  BRUSHES  AND  CONTACTS 


HARRIS 

DUfUX  SHOCK  MOUNTS 

>  • 

tiirULAR  M0V3NTS 

d:r.rTor«e>TVPe 


Bon 


lOKfLtX  BEKR'NGS 


CONTROL  VIBRATION 
ELIMINATE  SHOCK  &  NOISE 

HARRIS  PRODUCTS 

COMPANY 

5106  Cowan  Ave.  •  Cleveland  4,  Ohio 


NEW  SOLDERING  GUN 


THE  SPEED  IRON 


too  Mia 


Satdeniwa  u5  Seeamds 


Wheawves  yon  have  a  aoldeied  Joint  la  radio.  Joint.  The  copper  loop  aoldexiag  tip  peratlta 
aleutiiciul  os  elaotronio  repair  and  aervioe  warldag  in  ttght  spots.  The  heat  is  prodnoed 
■»*Kk,  the  Speed  Iron  sriU  do  the  Job  faster  by  the  high  oarreat  flowing  throagh  *S«e 
and  better.  soldering  tip — permitting  direct  and  lost 

The  transformer  principle  gi^e.  high  heat-  ““  soldered  oonnection. 

in  S  seconds  after  yoa  press  the  trigger  If  yoa  want  to  save  time  on  soldering  Jobs 
swlloh.  Convenient  to  hold  with  a  pistol  grip  with  o  tool  that  is  ready  to  nse  in  S  seoonds, 
handle,  the  oompaot  dimensions  of  this  new  get  a  Speed  Iron  today.  See  yoax  radio  posts 
aokUring  tool  permit  yon  to  gel  olose  to  the  distrtbator  or  wxile  dtseot 

•TJi.  Beg  U.  S.  Pat.  OS. 

WELLER  MFG.  CO. 

SIS  NORTHAMPTON  STREET,  EASTON.  PA. 
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In  addidon  to  the 
housed  model  shown 
here,  with  its  plug-in 
contacts,  Btadley  also 
offers  tul:«  sodcet,  nut- 
ai^-bolt  types  and  pig¬ 
tail  contact  mountings. 


The  shapes  of  Lux- 
tron  photocells  vary 
from  circles  to  squares, 
widi  every  in-between 
shape  desired.  Their 
sizes  range  from  very 
small  to  the  largest 
required. 


For  direct  conversion 
of  light  into  electric 
energy,  specify  Brad¬ 
ley’s  photocells.  They 
are  rugged,  lightweight 
and  true-to-rating. 


Illustrated  literature, 
available  on  request, 
diows  more  models  of 
Bradley  plK>toceils,  plus 
a  tine  of  coppmr  oxide 
and  selenium  recdfiers. 
Write  hsr  'The  Bradley 
Une/' 


through  the  bay  doors,  the  eye  in  its 
nose  began  to  scan  the  terrain  below, 
picking  out  roadways,  bridges,  build¬ 
ings  and  even  moving  automobiles. 
The  directional  transmitting  an¬ 
tenna  in  the  rear  sprayed  this  signal 
back  toward  the  plane  in  a  90-degree 
conev 

In  the  plane,  the  bombardier 
picked  out  the  target  on  a  6-by-7-inch 
monitoring  screen,  and  guided  the 
bomb  in  both  azimuth  and  elevation 
by  radio  so  as  to  keep  the  image  of 
the  target  under  the  crosshairs. 


RMA  Changes  Resistor 
Standards 


In  RMA  Standard  M4-215,  the 
markings  for  tolerance  of  fixed  com¬ 
position  resistors  have  been  ex¬ 
panded  as  follows: 


Many  Stondard  Mountings. 


Brown  . Plus  or  minus  1% 

Red  . Plus  or  minus  2% 

Orange  . Plus  or  minus  3% 

Yellow . Plus  or  minus  4% 

Gold  . Plus  or  minus  6% 

Silver  . Plus  or  minus  10% 

No  Color . Plus  or  minus  20% 


The  use  of  green  for  5  percent  was 
opposed,  so  as  not  to  have  two  differ¬ 
ent  ways  of  indicating  the  same  tol¬ 


erance. 


In  Standard  M4-216,  the  exterior 
body  color  of  insulated  resistors  may 
now  be  any  color  other  than  black. 
The  preferred  color  is  natural  tan. 
The  exterior  body  color  of  uninsu¬ 
lated  resistors  shall  be  black,  except 
that  in  the  case  of  unnisulated  re¬ 
sistors  with  radial  leads  the  exterior 
body  color  may  be  white  if  the  resis¬ 
tors  are  color-coded  in  accordance 
with  Standard  M4-214B,  or  may  be 
that  of  the  color  code  of  the  first 
significant  figure  of  the  resistance 
value  if  resistors  are  color-coded  in 
accordance  with  Standard  M4-214A. 


RMA  Spring  Meeting 


In  two  technical  sessions  start¬ 
ing  at  9 : 00  a.m.  on  Monday,  April  29 
and  Tuesday  April  30,  1946,  eight 
technical  papers  will  be  presented  at 
the  Spring  Meeting  of  the  Engineer¬ 
ing  Department  of  Radio  Manufac¬ 
turers  Association,  to  be  held  at  the 
Hotel  Penn-Harris,  Harrisburg,  Pa. 
At  a  dinner  Tuesday  evening  R.  C. 
Cosgrove,  RMA  president,  will  be 
toastmaster  and  W.  R.  G.  Baker,  di¬ 
rector  of  the  RMA  Engineering  De¬ 
partment,  will  speak  on  “The  trans¬ 
mitter  Engineer  and  the  Electronics 
Industry.” 

'  The  following  papers  are  scheduled 


SHORTEST 

UNE 


between 


DE^^AHD 

anci 

SUPPLY 


Your  need  for  high  quality 
radio-electronic  components  is 
satisfied  quickly  and  on  sched¬ 
ule  when  you  deal  with  firms 
represented  by  the  Henry  P. 
Segel  Co. 


Our  organization  represents 
leading  manufacturers  of  basic 
components,  concerns  with 
sound  reputations  for  meeting 
strictest  specifications  and 
''delivering  on  time  os 
promised." 


These  are  dependable 
sources  of  supply,  geared  to 
fulfill  your  requirements  rap¬ 
idly  and  efficiently. 

For  over  21  years  our  busi¬ 
ness  has  been  serving  manu¬ 
facturers  and  jobbers  in  New 
England.  Let  us  prove  to  you 
how  we  can  help  keep  your 
production  going  at  full 
speed.  For  prompt,  complete 
information,  contact  us  nowl 


HENRY  P 


SEGEL 


COMPANY 


Moaufoefurers  Jlepreseafoffvas 
FMd  Eegla—n 


143  Newbury  Street 
Boston  16,  Moss. 


T*l.:  KENmor*  3012—4333—9755 


Branch  Offcn  in 
Hartford,  Connnctlcnt 


Snrv/ny  manutactufrs,  /obbnrt,  tchoo/i 
and  laboraforiat  In  Naw  ingland 


F 


( 
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RAWSON  TWIN 
MULTIMETER 


Type  5012  Accuracy  of  1%  DC 
StoT  12"x8”x*" 

A  Combination  AC.  Multimeter  and  DC 
Multimeter 

Kang*  of  Measeremenft 

DC  I  microampere  to  I  Ampere. 

20  Microvolts  to  1000  volts. 

AC  (thermocouple  type) 

2  Milliampere  to  3  Amperes. 

60  Millivolts  to  1000  volts. 

Writ*  for  bulMln 
we  ALSO  SUPPLY 
REGULAR  DC  METERS 
THERMOCOUPLE  AC  METERS 
MULTIMETERS 
FLUXMETERS 

ELECTROSTATIC  VOLTMETERS 

Special  apparatut  built  to  order 

RAWSON  ELECTRICAL 
INSTRUMENT  COMPANY 

111  POTTER  ST.  CAMBRIDGE,  MASS. 

Repreteefeflves 

CHICAGO  NEW  YORK  CITY 


Find  Out  Now  About 

★  STAR  ★ 
CERAMICS 


There  ore  many  kinds  for 
special  uses,  such  os  appli¬ 
cations  calling  for  resistance 
to  electricity,  heat,  moisture, 
chemicals  or  weathering 
agents.  There  ore  more  than 
a  score  of  formulas  in  ac¬ 
tual  production  at  one  time 
in  our  factory. 

Send  for  "A  Brief  Survey 
of  Technical  Characteristics 
of  Molded  Ceramic  Prod¬ 
ucts/'  It  is  right  to  the  point. 


ohe  STAR 

PORCELAIN  CO. 

ElGctroRies  D«pt. 

Trenton  9,  N:  J. 


Both  Cotton  and  Rayon 
Flock  are  available  im¬ 
mediately  in  -a  variety  of 
colors. 

A  trial  application  will  show 
you  how  easily  this  versatile 
material  may  be  handled  .  .  . 
how  practical  it  is  for  the 
above  mentioned  uses. 

Write  for  Booklet,  Color 
Card,  Samples  and  Prices 


(SeUuduecU 

FLOCK 

HAS  MANY  USES 
IN  RADIO 

1.  Coating  cabinet  Interiors  dissipates  re¬ 
flections  and  odds  ocoustical  qualities. 

2.  Coating  the  edges  of  adjoining  parts 
before  assembly  eliminates  vibratien. 

3.  Coating  wire  grills  adds  a  smart  finish 
at  low  cost. 

4.  Coating  phonograph  turntables  adds  a 
soft  non-scratching  cushion  for  records. 

5.  Coating  cabinet  bases  lends  a  soft 
velvety  "feel'*  and  protection  to  table 
and  dM  tens. 


.iao^ 


O  C. 


^  f  O 


R  0 


i  ti. 


ELECTRIC  COMPANY 

39  5.  BROAOWAV,  LONG  BRANCH,  N.  J. 


electronics  — Apri/  1946 


335 


NORMAN  H.LAWTON 


ENGINEERING  •  SALES  •  SERVICE 
NEW  YORK:  1775  Broadway,  19  INDIANAPOLIS:  635  Ponnsylvania  St.,  4 

DIRECT  FACTORY  REPRESENTATIVE 

•  A.  W.  FRANKLIN  MFG.  CORPORATION-Seckats  . .  .  Tcrminof  Strips  . .  .  Plugs  .  . .  AssumbliM. 

O  ELECTRO-MOTIVE  MFG.  CORPORATION— Moulded  Mka  Capacitors  .  .  .  Mica  Trimmar  Capociters 
Fusad  Plugs  . .  .  ate. 

O  F.  W.  SICKLES  COMPANY  (Easturn  Ruprusuntativ*)— I.  F.  Transformars  .  .  .  Antanna  Loops  .  .  . 
Trimmor  .  .  .Condonsors  (mica  and  air  dioloctric)  .  .  .  Tuning  Units 

•  QUAKER  CITY  GEAR  WORKS-Procision  Goars  for  Industry. 

•  UNITED  TRANSFORMER  COMPANY-Tronsformors 

•  MICA  PRODUCTS  COMPANY-Mka  Shoots  and  Fabrkatod  Parts 


for  the  technical  program; 

April  29;  Broadcast  Transmitter 
Design  as  Detemined  by  Market  Sur¬ 
vey,  by  M.  R.  Briggs  of  Westing, 
house;  A  6-kw  Television  Tube- 
Design  and  Application,  by  R.  B. 
Ayer  and  C.  D.  Kentner  of  RCA;  A 
Proposed  Method  of  Rating  Micro¬ 
phones  and  Loudspeakers  for  Sys¬ 
tems  Use,  by  F.  Rumanow  of  Bell 
Labs;  Railway  Communication,  by 
A.  V.  Dasburgh  of  General  Railway 
Signal  Co.  and  E.  W.  Kenefake  of 
GE. 

April  30:  The  Hydrogen  Thyra- 
tron,  by  H.  Heins  of  Sylvania;  Mo¬ 
bile  Communications  Range  Tests, 
by  D.  E.  Noble  of  Galvin;  The  Use 
of  Intermodulation  Tests  in  Design¬ 
ing  and  Selecting  High  Quality 
Audio  Channels,  by  J.  K.  Hilliard  of 
Altec  Lansing  Corp.;  Navar  System 
of  Radio  Navigation  and  Air  Traffic 
Control,  by  H.  Busignes  and  P. 
Adams  of  Federal  Telephone  &  Radio 
Corp. 

MEETINGS  TO  COME 

April  1;  IRE-AIEE  Atomic  Engi¬ 
neering  Lecture  Series  (members  $1 
per  lecture;  nonmembers  $1.50); 
Mass  Analysis  and  Isotope  Separa¬ 
tion,  by  J.  A.  Hippie  of  Westing- 
house;  7  p.m.  at  Engineering  So¬ 
cieties  Building,  33  W.  39th  St.,  New 
York  City. 

April  8;  IRE-AIEE;  Measuring  In¬ 
struments  for  Atomic  Engineering 
(see  April  1  data). 

April  10;  AIEE;  Applications  of 
Servomechanisms,  by  S.  J.  Mikina; 
7  p.  m.  at  301  Pupin  Hall,  Columbia 
University. 

April  15;  IRE-AIEE;  Medical  and 
Industrial  Applications  of  Atomic 
Physics,  by  R.'  D.  Evans  of  MIT 
(see  April  1  data). 

April  26-30;  International  Light¬ 
ing  Exposition  ;  Stevens  Hotel,  Chi¬ 
cago. 

April  29-30;  RMA  Spring  Meeting; 
Hotel  Penn-Harris,  Harrisburg,  Pa.; 
chairman  V.  M.  (Iraham,  P.O.  Bo.x 
760,  Williamsport,  Pa.;  eight  tech¬ 
nical  papers  to  be  presented. 

May  13-16;  Radio  Parts  and  Elec¬ 
tronic  Equipment  Trade  Show; 
Stevens  Hotel,  Chicago;  inquiries  to 
221  N.  LaSalle  St,  Chicago;  special 
train  for  radio  industry  personnel 
leaves  Grand  Central  Station,  New 
York  City  at  4:16  p.m.  May  12— 
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STANDARD 

CRYSTALS 

Send  for  New  Catalog 


53  W.  Jodoon  Mvd^  Chicago  4,  IH. 


Un  future  peace-time 
production,  Radex  will 
uphold  its  war-won  re¬ 
putation  by  the  scope 
and  caliber  of  its  ser¬ 
vice  to  the  radio  and 
electrical  industries. 


Optical  Glass 
Specialities 


Television  Reflectors 


Precision-polished  optical 
foce  plotes  for  cathode  ray 
tubes 


Optical  lenses,  prisms 
and  flats 


FS  Precision-Bore  Glass  Tubes 
with  bore  exact  within  .00002" 

Contact  us  for 

such  requirements 

FiSH-SCHURMAN  CORPORATION 
230  lost  45«b  St..  Now  York  17.  N.  Y. 


Standard  Piezo  Company 


Quart/  (>r\stals  and  Frccjuciicy  ('oiitrol  i'tjuipiiiciit 
O  fjii  C  iind  Dci  tlojitnttit  I .iihoriilmy 
K  \  N  ION,  1’\,  (  Aki  i^i  V,  Pa.,  P.  O.  lio\  K)  I  (  armm  i ,  I ’a. 

- - -  Rtprcstntiitit  fs  - - - - 


COOPER-DiBLASI 

259  WEST  14th  STREET.  NEW  YORK  II,  N.  Y. 

HAL  F.  CORRY 

3522  GILLON  AVENUE,  DALLAS  5.  TEXAS 

THE  FOSTER  COMPANY 

409  lumber  bldg.,  MINNEAPOLIS.  MINN. 

GERBER  SALES  COMPANY  ' 

94  PORTLAND  STREET.  BOSTON  14.  MASS. 

A.  SIDNEY  HARDY 

650  BOULEVARD  N.  E..  ATLANTA.  GA. 


HARRY  A.  LASURE 

2216  WEST  nth  STREET.  LOS  ANGELES  6,  CALIF. 

L.  D.  LOWERY 

1343  arch  street.  PHILADELPHIA.  PA. 

MANUFACTURERS  SALES  TERMINAL,  Inc. 

222  COLUMBIA  BLDG.,  SPOKANE.  WASHINGTON 

HARRY  B.  SEGAR  &  COMPANY 

ELLICOTT  SQUARE  BLDG.,  BUFFALO.  N.  Y.  ^ 

E.  J.  WALL 

1836  £UCLID  AVENUE.  CLEVELAND  IS.  OHIO  ■ 


Can  you  use  a  10,00 
Vs  the  size  of  a  corre 


Because  of  the  4400  volt 
per  mil  breakdown  voltage  of 
the  Plasticon  film  dielectric, 
high  voltage  Plasticons  are 
smaller,  lighter  and  more  eco¬ 
nomical  than  paper  capacitors. 

*PlasticoR$— plastic  film  ditlactric  capacitors 


fCondenst*!' 
Company 

»  no,th 

CHICAGO  77,  UliNOlS 


Radex  Corporation 


I 
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CINCINNATI  2  J,  O 


1440  CHASE  AVE 


CHECKS  -  GRADES 
RESISTORS 

100  Ohms  to  100  Megohms 
At  A  GUNCE 


CJipperd 

AUTOMATIC 

RESISTANCE 

COMPARATOR 


The  quality  inapection  instrument  every 
radio,  electrical.  electronics,  resistor 
manufacturer  and  large  parts  Jobber  has 
long  been  looking  for.  Makes  precision 
checking  of  incoming  shipments  of  resis- 
tota.  factory  output,  matching  or  grading 
to  close  tolerance  limits,  a  simple  produc¬ 
tion  routine! 

Easy  to  Oporota 

Instrument  is  readied  for  operation  by 
snapping  power  switch,  warming  up, 
adjusting  zero  and  connecting  standard 
resistor  at  left.  Operator  places  resistances 
to  be  checked  across  “unknown”  ter¬ 
minals  in  center.  Accuracy  can  be  checked 
periodically  by  simple  turn  of  knob  at 
left.  To  change  from  one  value  resistor 
test  to  another,  merely  plug  in  proper 
standard.  No  other  adjustment  necessary! 


Roods  Porcoot  Dovlotioo 

Face  of  large,  easily-read  meter  in  center 
illuminates  when  unknown  is  inserted, 
showing  percent  of  variation  from  stand¬ 
ard  within  limits  of  — 25%  to  4-30%.  NO 
OTHER  OPERATION  IS  REQUIRED, 
reducing  inspection  time  to  absolute  mini¬ 
mum! 

Laboratory  Qoality 

Rugged  laboratory  construction  and  care¬ 
ful  calibration  assure  accuracy  of  better 
than  ±1%  throughout  entire  range  of  100 
ohms  to  100  megohms.  Line  variations. 
105-125  volts  A.C..  automatically  compen¬ 
sated  for  by  special  newly-developed  elec¬ 
tronic  bridge  circuits.  An  Instrument  that 
pays  for  itself  quickly  and  saves  you  time 
and  labor  costs  for  years  thereafter.  Write 
for  complete  details  and  specifications, 
today! 


make  reservations  with  Perry  Saft- 
ler,  53  Park  Place,  New  York. 

May  15-17;  New  England  Electei- 
CAL  Trade  Show;  Exhibition  Hall, 
Boston,  Mass. 

May  20-25;  National  Maritime  Ex¬ 
position;  Grand  Central  Palace,  New 
York  City;  inquiries  to  headquarters 
at  17  Battery  Place. 

June  20-23;  Society  for  the  Promo¬ 
tion  OF  Engineering  Education; 
annual  meeting,  Jefferson  Hotel,  St. 
Louis,  Mo. 

BUSINESS  NEWS 

General  Electric  Co.  has  set  up  a 
new  industrial  engineering  division, 
to  be  known  as  the  Power  Electronics 
Division  and  headed  by  L.  W.  Mor¬ 
ton. 

Grigsby-Allison  Co.,  Inc.,  Arling¬ 
ton  Heights,  Ill.,  organized  in  late 
1945  by  R.  J.  Grigsby  and  K  C. 
Allison,  will  produce  radio  switches, 
tuners,  and  other  electrical  and  me¬ 
chanical  devices  in  a  new  plant  now 
nearing  completion^ 

L.  S.  Brach  Mfg.  Co.  celebrates  its 
40th  anniversary  by  moving  into  its 
recently  purchased  three-story  build¬ 
ing  in  Newark,  where  they  will  con¬ 
centrate  on  development  and  in¬ 
creased  production  of  a  diversified 
line  of  antennas  while  continuing  to 
manufacture  private-brand  radio  and 
electrical  products. 

Precision  Specialties,  Los  Angeles, 
has  started  operation  of  a  new  radio¬ 
electronics  section.  Among  the  first 
products  will  be  several  models  of 
home  radios. 

U.  S.  Television  Mfg.  Corp.  has 
moved  to  new  quarters  at  3  West  61st 
St.,  New  York  City,  where  they  are 
planning  for  a  production  schedule 
of  over  5,000  finished  radios  per 
week.  Manufacture  of  television  sets 
is  scheduled  to  begin  in  the  spring. 
General  Instrument  Corp.,  Eliza¬ 
beth,  N.  J.,  is  installing  a  li-mile 
conveyor  system  and  will  soon  have  a 
total  of  3,400  workers  as  compared 
to  1,100  on  V-J  day. 

Audio  Products  Co.,  Burbank,  Calif., 
has  established  an  electronic  applica¬ 
tion  division  to  produce  various  tsrpes 
of  electronic  controls. 

Cinch  Mfg.  Corp.,  Chicago,  wholly 
owned  subsidiary  of  United  Carr 
Fastener  Corp.,  has  purchased  the 
assets  of  Howard  B.  Jones  Co.,  and 
will  continue  production  of  Jones 


STAHDUP 

Hmmia 


Every  ennneer  knows  that  failure  starts 
with  the  little  parts.  That's  why  more  and 
more  development  engineers  place  thejr 
dependence  on  Hi-Q  Ceramic  Capacitors, 
Wire  Wound  Resistors  and  Choke  Coils. 
They  know  through  their  own  actual  tests, 
that  Hi-Q  Components  stand  up  under 
every  condition  of  temperature,  humiditv, 
vibration  and  shock.  Test  these  sturdy 
components  in  your  own  applications. 
Send  vour  specifications  for  samples  and 
complete  data. 


CERAMIC  CAPACITORS 

Made  of  dtanium  dioxide  (for  temperature 
compensating  types).  Tested  for  physical 
dimension,  temperature  coefficients,  power 
factor  and  dielectric  strength. 


WIRE  WOUND  RESISTORS 

Immediately  available  in  standard  ratings  or 
precision  built  to  any  tolerance  or  value. 


CHOKE  COILS 

Sturdy  Construction.  Insulated  or  bare  types. 
Quantity  production  available  at  once. 


ELECTRICAL  REACTANCE 
CORPORATION 

franklinville,  n.y. 
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WRITE  FOR  NEW 
ILLUSTRATED 
BROCHURE 


I  ri  Li  LI  U  n  I  L  U  ■ 

900  BROADWAY  •  NEW  YORK  3,  N.  Y. 

Telephone:  Algonquin  4-5180-1-2-3 


BIRNBACH  RADIO  CO.,  Inc 


complete  and  diversified  for  every  phase 
of  electronic^  manufacture! 


(A)  No.  600  KC3P.  50  KVA 
Press  Type  Spot  Welder,  3 
Spots,  Air  Operoted,  18" 
TSroa* — o  hiqh  production 

u  n '  t , 


(C)  ElSlER  Special  Irons- 
formers  ond  Reoctors  — 
high  or  low  voltage,  air 
cooled,  oil  Immersed  or 
oncosed. 


(B)  No.  5/-81  New  Elsler  8 
heod  type  Tipless  Sealing 
Mochine.  Adoptoble  for  oil 
types  and  sices  of  bulhs. 


CH4S.  EISLER 

EISLER  ENGINEERING  CO 


D.  M.  STEWARD  MFC.  COMPANY 


Needh 


.  .  .  .  also  pioneers 
in  the  design  and 
manuiacture  of 

Ceramic,  Porce- 
lale  &  Steatite  ie- 
teiatorSiAeteaeas, 
Hook-Up  Wires, 
Skieided  Micro- 
pkoee  Cobie  and 
S.  J.  Cable. 

Specify  and  use 
"Bimbach"products. 
Complete  Stock  at 
your  jobber. 


STEATITE 

CERAMIC 


^pertlM  eed  Cboracterhtks  ef  Oer 
LAVITE  Sl-S  Steatite  Ceramic  ledy 

CofnpraMive  Strengtii  . eC.OOO  Iba.  per  equere  inch 

TMtile  Strength  .  T.SOO  IPe.  per  equere  iiseh 

Plexurel  Strength  . lO.SOO  Ibe.  per  equere  inch 

JMutea  ef  Rupture  . SO.OOO  Ibe.  per  equere  inch 

Dielectric  Strength  . 2SS  volts  per  mil 

Lose  Factor . S.go  Froquoncy  of 

Power  Factor  ..........  .  .  .qJs  ‘  megac>cle 

■ulk  tpecISc  Qravity  . a.SSAhb 

De^ity  (from  abevo  gravity) ..  .O.OSS  lbs.  par  cubic  inch 

(Slohr  scale)  . . 7.0 

gening  Temperature  . a,3SO<>F. 

Linear  CoeRlelent  ef  ■xpanaion . S.ISxlO— < 

Moisture  Absorption  (ASTM  0-taS-4S-A) . O.OOSAb 

engineers  and  manufacturers  in  the  radio, 
elrarical  and  electronic  fields  are  finding  in 
LAV^E  the  precise  qualities  called  for  in  their 
specificatiotu  .  .  .  high  compressive  and  dielectric 
Mrength,  low  moisture  absorption  and  resistance 
to  rot,  fumes,  adds,  and  high  heat.  The  exceed¬ 
ingly  low  loss-faaor  of  LAVITE  plus  its  excellent 
workability  makes  it  ideal  for  all  high  frequency 
applications. 

^^'e  will  gladly  supply  samples  for  testing. 


Tha  CNAS.  EISLEI  lins  ef  specioliasd  ef  devices  fer  vacuu 

electrenic  feels,  mochines  and  devices  is  __  glass  tube  cutter! 

cemplete  and  diversified.  Included  are  . . 

innumerable  types  ef  welders  — -  spot,  * 

seam,  butt,  rocker,  arm,  pneumotk  and  transfom 

speciol  types.  Also  included  ore  hundreds  triol  and  general  neei 
#  ItSlIt  igresf  99%  ef  Amsflcon  vocbum  tub#  pr»- 
dwcsft  iedoy.  Writs  ter  cempigigly  illutirotpd  coiales- 
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can  be  done  to  improve 
transmitting  equipment? 


The  answer  is  BUD  Products  vdien  pre- 
cition-HMde  coils  and  condensers  are 
needed.  Ruggednen  and  durability  char¬ 
acterize  this  line. 


All  coils  are  of  the  air-wound  type  to 
promote  efficiency.  The  use  of  a  varia¬ 
ble  link  to  the  plate  tank  as  a  means  of 
varying  the  loading  of  an  R.F.  stage  Is 
effectively  utilized. 


This  BUD  condenser  is  the  deliberate 
choice  of  many  engineers  for  use  in 
broadcast  transmitters,  high-power  trans¬ 
oceanic  communications  and  other  types 
of  highly  specialized  electronic  devices. 


products  under  a  new  management, 
with  Howard  B.  Jones  being  retained 
in  a  consultant  capacity. 

Paul  Godley  Co.,  Upper  Montclair, 
N.  J.,  has  moved  its  radio  engineer¬ 
ing  laboratories  to  Great  Notch,  N. 
J.,  in  a  tranquil,  close-to-nature  set¬ 
ting  at  The  Notch  in  the  Watchung 
Mountains. 

Acme  Electric  &  Mfg.  Co.  has 
a  new  and  modem  plant  nearing 
completion  at  Cuba,  N.  Y.  that  wiU 
more  than  double  its  transformer 


Cuba,  N.  T.  manufcMtarlng  focUittee  of 
Acme  Electric  &  Mfg.  Co.  Noleebrealdng 
woUe  will  separate  pnach  press  depart¬ 
ments  from  assembly  Bnes 

manufacturing  facilities.  One  en¬ 
tire  section  will  be  devoted  to  re-, 
search  on  transformer  design  and 
performance. 

Technology  Instrument  Corp. 
has  been  established  in  Waltham, 
Mass,  by  H.  H.  Scott,  R.  W.  Searle, 
and  L.  E.  Packard,  all  formerly  with 
General  Radio  Co.  The  new  firm  will 
develop  and  manufacture  electronic 
and  laboratory  equipment.  Mr.  Scott, 
who  will  serve  as  president,  was  re¬ 
sponsible  for  development  of  General 
Radio's  present  line  of  sound  and 
vibration  measuring  equipment,  f-m 
and  broadcast  station  monitoring 
equipment,  and  other  r-f  and  a-f  in¬ 
struments. 

RCA  Victor  Division  has  leased  a 
plant  in  Chicago  solely  for  the  fabri¬ 
cation  and  assembly  of  auto  radios, 
with  peak  employment  of  approxi¬ 
mately  700  workers  scheduled  for 
June  1. 


BUD  Caa  Sepply  All  Yoer  Needs  •  •  • 

.  .  .  wHh  the  latesf  types  of  oquip- 
ment  Including:  condonsors  —  chokes 
—  coils  —  insuletors  —  plugs  —  jecksj^ 
switches  —  diels  —  test  leads  —  jewel 
lights  and  a  complete  line  of  ultra-mo¬ 
dern  cabinets  and  chassis. 


BUD  RADIO,  INC 

CLEVELAND  3.  OHIO 


The  Electrodyne  Co.,  Boston,  was 
formed  recently  to  provide  research 
and  development  service  in  electro¬ 
mechanics,  vacuum-tube  applications, 
and  optics,  as  well  as  manufacture  of 
electronic  equipment.  Bertram  Well¬ 
man  is  president,  Elek  J.  Ludvigh, 
II,  is  director  of  research,  and  B.  J. 
Kaplan  and  Leslie  G.  Rathbun,  Jr., 
are  vice-presidents. 

Illinois  Institute  of  Technology 
will  make  available  to  sponsoring  or- 


•MPB< 


MASTER  PUSH 
BUnON  SWITCH 

GENERiU.  CONTROL  COMPANY 

Th9  new  "Moifer”  Model 
MPB  push  button  switch  is 
new  from  stem  to  stern.  Its 
sturdy,  modern  construction 
means  long  trouble-free  life 
— its  fine  silver  contacts, 
rugged,  non-corrosive  parts, 
quality  workmanship,  and 
only  the  finest  materials 
throughout,  mean  customer 
satisfaction  for  you. 

The  new  ^Master"  Model 
MPB  non-locking  frame  in¬ 
cludes  nine  switch  positions 
—  locking  type  frames  have 
eight  switen  positions  and 
one  reset  position.  Any 
switching  combination  which 
has  been  set  can  be  released 
by  one  operation  of  the  reset 
button. 

TM  ifw  "Matfw"  Mod*/  MPB 
is  rat*d  at  5  •  10  amperas,  125 
volts.  60  cycUs  A.C.  (non-induc- 
tiva  load).  If  you  ar*  a  manufac- 
turar  or  usar  of  alactronics  and 
communications  *qu*pm*nt,  H  will 
pay  to  invastigat*  tha  naw  Modal 
MPB.  Furthar  infoimation  on  ra- 
quast. 

Wrife  for 

NEW  Catalog  No,  200 
{wot  off  tho  proul 

General  Control  Company 

1202  Soldiars  Nald  Rood 
Boston  34,  Moss. 


II 


340 


April  1946— ELECTRONICS 


HOWTO 

Speed  up 

when  pouring  Potting  Compound 


Here's  a  typical  installation  of  Sta- 
Warm  compound  melting  equipment, 
emplojring  heated  hose  for  dispens¬ 
ing. 

From  a  rectangular  tank  built  to 
user’s  own  specifications  for  capacity 
and  proportions,  and  equipped  with 
varisiole  thermostat  control,  melted 
potting  compound  is  dispensed  into 
transformers  through  a  10  ft.  Sta* 
Warm  flexible  metallic  hose.  The 
hose  itself  is  electrically  heated  to 
maintain  proper  temperature  of  the 
compound  until  it  reaches  its  des¬ 
tination.  A  separately  controlled 


thermostat  on  the  hose  line  further 
guarantees  that  the  compound  wdli 
neither  bum  (and  carbonize)  or 
freeze  (and  solidify)  before  leaving 
the  nozzle. 

The  tank  only,  the  hose  only,  or 
both  as  a  complete  woriung  unit 
may  be  ordered  as  required  to  fit 
into  your  compound  melting  and 
dispensing  set-up  to  speed  up  pro¬ 
duction  without  adding  extra  man¬ 
hours. 

Why  not  inquire  for  full  details 
and  prices  today  by  writing  fully 
to  Dept  D? 


STA-WARM  ELECTRIC  CO. 

1000  N.  CHESTNUT  ST.  •  RAVENNA,  OHIO 


40.000  TIMES 


EVERY  HOUR  I 


SPECinCATiONS: 

MaaiaJ  eonatar  typ*  Ml.  Noit.«lwtrleal  bat 
otharwlM  •zaette  m  daaeribad.  Complat* 
^tb  l«T«r.  Badh:  Elaetrt*  countar. 

Nao-raaat,  type  NBl.  anaiietly  aa  abown  and 
deaertbad.  1^10  aaeh  for  118  aolta,  60 
cyelaa.  Othar  voltacaa  from  6  to  lao  ara 
TSc  antra.  COaranlant  mouattne  brackat. 
36e.  Raaat  alactrle  oountar,  typo  B1  (not 
abown),  aooa  arallabla.  B  dlsita.  Hoary 
duty.  Baaota  with  twlot  of  Bnsora. 
Tonioa  motor  typa,  anltabla  alao  for  alae. 
tronle  etreulta.  Stasidard  roltayaa  6  to  aao. 
Nat  aach:  $14.80. 


A  G&a  H1^6«d  ELECTBO-COimTEB.  reqlsten  vp 
to  40.000  eooats  on  hour  ...  it  iveorda  with  con- 
Biatunt  accurewy  up  to  600  timoB  a  miautol 
UBod  for  ProdnetiOB  Controls.  Oporotional  Chocks. 
Functional  Actions.  Increases  occuracTt  reduces 
time  of  record-taking;  permits  accumulation  oi 
new  dota. 

Compoct.  sturdy,  well-engineered.  Medionism 
entirely  enclosed  in  cadium-ploted  housing.  Eosy- 
to-reod  figures  behind  plostie  window. 

Wrffe  for  ceesfor  sftee#  f-246 
foesfsiffe  poper  skeef  "Beefres** 

GORRELL  &  GORRELL 

Orlflnstwa  ssS  Mskart  et  RaMidias  CssIssMiit  SIsm  IS2S 

HAWORTH,  NEW  JERSEY 


SMALL  PARTS 

Filomente,  emodes,  supports,  springs, 
etc.  for  electronic  tub^.  SmoU  wire 
emd  flat  metal  formed  parts  to  your 
prints  for  your  assemblies.  LUXON 
fishing  towe  accessories,  double 
poiut^  pins,  fine*  sizes  wire  straight¬ 
ened.  bq[uWes  will  receive  prompt 
attention. 


sTAMPme  ce. 


Electrical  Contro^Hotors,  (ren- 
erotorf,  Powe|Bpi  Sub-Station 
Equipment,  j^^^tandard  and 
Short  Wav«mplifiert,  Trans- 
formers^Bfakert,  Station 
Equipm^^HIpecial  Induction 
ond  Dj^HTtric  Heating  Ma- 
chine^^Kto-electric  Controls, 
Hig^^Kuency  Generators, 
Meaving  Equipment,  Etc. 


227  High  St. 


Nework  2,  N.  J. 


WhonroofSeodSfoW 
fnfire  Project  er  Any  Pfone 
WlMlr  Im  Ybnr  fhcp  er  Owre 

nniii 

mHH 


INDUSTRIAL  DESIGNERS  &  ENGINEERS 
230  E.0UIO  ST. 

CHICAGO  n 
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Your  profit  from  the  use  of  any  kind  of  equipment  hinges  on  its 
quality  of  performance  —  and  on  its  endurance.  Electronic  Engi¬ 
neering  Company  transformers  are  built  ruggedly  to  give  lasting 
service  under  all  conditions.  If  you  have  special  and  difficult  trans¬ 
former  problems,  feel  free  to  make  use  of  the  finest  engineering 
talent  and  most  complete  electronic  laboratories. 

Write  or  call  today. 


SPECIALIZED 


ENGINEERS** 
3223-9  WEST  ARMITAGE  AVE. 


ganizations  the  facilities  of  its  Oh- 
mite  Laboratory  for  making  precise 
measurements  of  electrical  and  mag¬ 
netic  quantities,  approaching  in  ac¬ 
curacy  those  of  the  National  Bureau 
of  Standards. 

PERSONNEL 

Alexander  Nobden,  for  many  years 
vice-president  of  L.  S.  Brach  Mfg. 
Co.,  has  been  elected  president  of  In¬ 
terstate  Mfg.  Corp.,  Newark,  N.  J. 

Charles  Jeffers  has  returned  to  his 
post  as  technical  director  of  WOAI, 
San  Antonio,  after  three  years  serv¬ 
ice  with  OWI  where  he  served  as 
chief  of  the  Engineering  Division, 
Communications  Facilities  Overseas 
Branch. 

William  F.  Fran  kart,  formerly  as¬ 
sistant  chief  engineer  of  Aireon 
Mfg.  Corp.,  Kansas  City,  Kansas, 
takes  over  as  radio  department  head 
at  Precision  Specialties  Co.,  Los  An¬ 
geles. 

Roger  B.  Colton  has  retired  from 
the  Army  after  35  years  service  and 
is  now  associated  with  the  firm  of 


G«n«r(il  Hanry  H.  Arnold  (loft)  prosonUng 
DisUnguishod  Sorrigo  Modal  and  Logion 
of  Morit  to  Major  Gonorol  Rogor  B.  Colton 
In  rocogniUon  of  outstanding  wortimo  Mrr- 
icot  that  Includod  dorolopmonts  loading 
to  applications  of  radar  to  strotogic  bomb¬ 
ing,  firo  control,  and  guidod  missiloi 

(Ik)lton  &  Foss,  Inc.,  Washington, 
D.  C.,  electronic  consultants  special¬ 
izing  in  broadcast,  public  service 
communications,  radio,  and  radar  de¬ 
velopment.  ■ 

Arthur  H.  Wulfsberg  has  joined 
the  Research  Division  of  Collins  Ra¬ 
dio  Co.  Previous  work  involved  de¬ 
sign  and  production  of  radar  and 
loran  equipment  at  Sylvania  Elec¬ 
tric  Products  Inc. 

C.  R.  Maduell,  Jr.,  formerly  re¬ 
search  physicist  for  Signal  Corps 
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200  CENTRAL  AVENUE  NEWARK,  N.  J 


HATHAWAY  OSCILLOGRAPHS 


.  TO  THI  MANUPAOUtlR  Of 

HadioA^ 


DOUBLE-CHECK  SYSTEM 

^JE-IO — Miniature  socket 
wiring  plug  for  accurate 
alignment  of  miniature 
socket  contacts  during 
wiring.  Precision  cast  of 
zinc  base  alloy — Pins  of 
stainless  steel. 


TYPE  S8-B — General  purpose,  laboratory  and  field,  12  to  24  elements. 
Permanent  film  or  paper  record,  6"  to  10"  wide,  to  200'  long.  Record  speeds 
from  1/3"  to  40"  per  second,  instantly  selected  by  quick  changing  trans¬ 
mission.  Simultaneous  viewing  and  recording.  Time  coordinate  device. 
Bulletin  SP'165. 

TYPE  S8-C — Identical  to  SS-B— with  24  to  36  elements.  Bulletin  SP-165. 

TYPE  S8-D — Similar  to  Type  SS-B  in  quality  and  accuracy.  Low  cost;  auto¬ 
matic  features  are  not  included.  Bulletin  SP-175. 

TYPE  SI  2- A — Portable  general  purpose  laboratory  and  field,  12  elements. 
Record  speeds  quickly  selected  by  change  gears  from  V2"  to  48"  per  second. 
Simultaneous  viewing  and  recording.  Bulletin  SP'167. 

TYPE  S14-A— NEW  STUDENT  OSCILLOGRAPH.  Accurate  and  depend¬ 
able.  General  purpose  laboratory  and  field.  Ideal  for  colleges  and  technical 
schools.  Instant  magazine  loading.  Simultaneous  viewing  and  recording. 
Bulletin  SP-182. 


JE  - 12  —  (Hardened 
tool  steel  insert)  or 
JE-13  (Stainless  steel 
insert)  Miniature  tube 
p  i  n  straightener  to 
obtain  a  perfect  fit 
when-  the  tube  is 
placed  in  the  set. 


For  complete  MormaHou 
aad  pr/eos— wrlfo 

RADIO  ACCESSORY  DIVISION 

STAR  EXPANSION  PRODUCTS  CO. 

147  Cedar  S«..  New  York  4,  N.  Y. 


HATHAWAY  INSTRUMENT  CO.,  Denver  10,  Colo 


OHtACtS 

COHtACTS 

Comp\s»*»"***3  '  tor  sHP"^*: 
RAony  f  f  iMoroWre  on 

.tote  wire  *1«*- 


Special-purpose  transmitting  an¬ 
tennas  designed  for  volume  pro¬ 
duction  to  your  own  specifications. 
Collapsible  —  sectional  —  direc¬ 
tion  finding  —  radar  and  coaxial 
type.  All  sizes,  lengths  and  ma¬ 
terials.  Consult  us  on  yoUr  needs. 


Make  pleased  customers  and 
bigger  prafits  .  .  .  ask  your 
distributor  for  BRACH  Puratone 
ANTENNAS. 


WORLD'S  OLDEST  AND  LARGEST  MANUFACTURERS  OF  RADIO  ANTENNAS  AND  ACCESSORIES. 
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CAPACITOR 

QUESTIONS 

Answered^ 


1"'  .#1 


ELEaROLYTIC 

CAPACITOR" 


by  AlmondM*  M.  G«ergi*v 

Probably  no  Radlo-Elactronic  componant  It  mora 
Important  than  tha  ElactroMic  Capacitor,  and  this 
naw  book  by  Alaxandar  M.  Gaorgiav  who  has 
davotad  mora  than  IS  yaart  to  Capacitor  rataarch 
and  davalo^ant  antwart  all  tha  many  quattlont 
anginaars.  datignars,  tarvicaman  and  othars  bava 
baan  asking  about  this  subjact.  Abundant  data 
ara  prasantad  at  to  Electrolytic  Capacitor  constroe- 
1 1  o  R  a  I  faaturas,  —  whara,  ....  .  .  _ 
whan  and  how  to  uta  thM  WHAT  TYPE? 
to  bast  advantage  In  prater* 


ORDER  NOW! 


MURRAY  HILL  BOOKS.  Ine. 

Daat  E-4S,  232  Madison  Ava..  Now  York  lA  N.  Y. 

Enelosod  fliid  $ . for  ........... ooplM  of 

Alexander  IL  OeorKler*a  "The  KLBCTBOLTTIC 
C^ACITOB"  (Prloe  $8  each.  $3.25  foreifn)  or 
n  aand  C.O.D.  (in  n.8.A.  only)  for  thif  amount 
pint  poataie. 


City  A  DlaL  No. . RtaU 


Engineerinsr  Labs,  is  now  consultant 
physicist  and  vice-president  of  Delta 
Electronic  Equipment  Co.,  New  Or¬ 
leans,  La. 

Robert  H.  Holuster  has  been 
named  service  department  manager 
at  Collins  Radio  Co. 

Matt  J.  Jelen,  after  ten  years  with 
Sparks-Worthington  Co.,  has  joined 
U.  S.  Television  Mfg.  Corp.  as  senior 
engineer  in  the  Radio  Division. 
Allen  D.  Pettee  has  been  made 
chief  electrical  engineer  of  General 
Cable  Corp.,  New  York,  N.  Y. 
Homer  Howard  is  now  chief  engi¬ 
neer  of  Audio  Products  Co.,  Bur¬ 
bank,  Calif.  He  was  formerly  man¬ 
ager  of  the  Pacific  Coast  radio  divi¬ 
sion  of  Lear  Aircraft. 


H.  Howord 


C.  M.  WhMUr 


Carson  M.  Wheeler  has  joined 
Amperex  Electronic  Corp.,  Brooklyn, 
N.  Y.,  as  chief  engineer  in  charge  of 
tube  development  For  the  last  ten 
years  he  was  with  Federal  Telephone 
and  Radio  Corp.,  serving  during  the 
war  as  assistant  to  the  director  of 
vacuum  tube  research. 

J.  D.  SCHANTZ  received  a  promotion 
to  assistant  manager  of  the  research 
department  at  Farnsworth  Televi¬ 
sion  &  Radio  Corp.,  Fort  Wayne,  In¬ 
diana,  having  been  with  this  firm 
and  the  predecessor  company  in 
Philadelphia  since  1936. 


J.  D.  Schcrati 


H.  C.  noroneR 


Herbert  C.  Flobance  has  been  made 
chief  engineer  of  WGHF,  new  f-m 


\\mm\  Pniim 

Fine // 
(n/i  li(‘  \mi  onlf 
undn  hi  fill 


We  can  draw  wire  as 
small  as 
1  (  of  an  inch 

100,000  I  in  diameter 


•  •  •  available  In  Plaflnum 
and  $omn  other  Metals 

.00001''  it  lets  than  1/30  the 
diameter  of  the  smdiletrwire 
die  commercially  available. 
Yet  our  Wollaston  Process 
wire  (drawn  in  a  silver  jacket) 
closely  meets  your  specifica¬ 
tions  for  diameter,  resistance 
and  other  characteristics, 
e 

This  organization  specializes 
in  wire  and  ribbon  of  smaller 
thon  commercial  sizes  and 
closer  than  commercial  toler¬ 
ances.  Wrif  for  Utf  of  PfodvcK. 


SIGMUND  COHN  &  CO. 


S/NCf  t90t 

44  GOLD  STREET  NEW  YORK  7 
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PROBLEMS  of  weight 

space,  alignment,  obstructions, 
vibration,  and  cost— solved  by 


WALKER-TURNER  Flexible  Shafting 


#  In  certain  applications  of  control  and  power  trans¬ 
mission,  no  other  form  of  drive  proves  as  successful 
as  Walker-Turner  Flexible  Shafting.  For  mechanical 
coupling  between  components;  for  control  of  capaci¬ 
tors,  potentiometers,  tuning  circuits;  for  flexible  power 
drive  around  obstructions — use  Walker-Turner  Flexible 
Shafting.  Our  wide  experience  is  at  your  disposal, 
without  any  obligation  to  you  or  your  company. 


345 


WALKER-TURNER  COMPANY.  INC. 

PLAINFIELD,  NEW  JERSEY 


FLEXIBLE  SHAFTING 

FOR  REMOTE  CONTROL  AND  POWER  TRANSMISSION 


^  REGULATED  POWER  SUPPLY 

aso^so  voiis 

Wide  fields  of  application  have  been  opened  up  both  in 
\  r^arch  and  industry  for  this  unit.  A-C  ripple  is  n^Ugible 
and  extreme  care  has  been  taken  to  eliminate  high-fre¬ 
quency  noise.  Regulated  power  supply  units  are  invaluable  foe 
such  applications  as  amplifiers,  television  pulse  generators, 
constant  frequency  oscillators,  and  measuring  equipment. 

Other  G-E  regulated  power-supplies  are  available  in  the  follow¬ 
ing  ranges:  180-300  volts  160*1500  volts  Duol  Rtgulotod 

Write  today:  Electronics  Department,  Specialty  Division, 

General  Electric,  Syracuse,  N.  Y. 

GENERAL  ®EIBCTlilC  & 

tkdnak  AUam^kg  fcrtrumosli 


PS-1 


I  V  V 


J  IJ 


1  IJ  i. 


FAMOUS  SINCE  1892 


f«*r  It4*lt«>r  ll«‘«*4»r«l  l*«*rf«>rmi(n*‘« 


'IkCOkDING  NEIDU 


Maybe  the  very  first  "cutting" 
was  dona  with  the  grand-daddy  of 
this  famous  recording  needle  .  • . 
for  BAGSHAW  came  in  with  the 
talking  machine  Itselfl  Preferred 
in  sound  studios  where  only  the 
BEST  will  do  •  .  •  perfect  cutting 
mate  for  our  great  transcription 
Needle  that  you  know  so  welll 


II.  >v.  Ar  ro.x  ro..  i>« 

HIM  I  IMS  I  MINI  I  ON 

S70  Sl.\  I II  \\  IM  i;  M  W  ^  OKK  I,  Y 


:■  i 

,1  '! 


FINEST  MICROPHONES 

.  \  \  A...  'RECORDING/ 


^AMPERITE 

VELOCITY 

MICROPHONE 

WITH 

PATENTED 
‘  ACOUSTIC 
COMPENSATOR 


d'eiv  P.  G. 
DYNAMIC 

WITH  NEW 

SUPERIOR 
ELIPSOID 
PICK  UP 
PATTERN! 


AMPERITE  KONTAK  MIKES 
)  IDEAL  FOR  AMPLIFYING 
STRINGED  INSTRUMENTS 

USED  WITH  ANY  AMPLIFIER 

AND  WITH  RADIO  SETS  ' 

ASK  YOUR  JOBBER  ,  .  WRITE  FOR  FOLDER 


AMPERITE 


AMPERITE 


and  facsimile  broadcasting:  station  in 
New  York  City. 

Frank  H.  R.  Pounsett,  formerly 
chief  engineer  of  the  radio  division 
of  Research  Enterprises  Limited,  is 
now  chief  engineer  of  Stromberg- 
Carlson  Co.  Limited,  Toronto. 
George  L.  Haller  has  been  named 
assistant  dean  of  the  School  of  Chem¬ 
istry  and  Physics  at  Pennsylvania 
State  College.  Colonel  Haller’s  work 
during  the  war  dealt  with  radio  and 
radar  countermeasure  equipment, 
submarine  detection  from  aircraft, 
and  radio  and  radar  control  of  guided 
missiles. 

Samuel  Gubin  becomes  vice-presi¬ 
dent  in  charge  of  engineering  for 
Spectrum  Engineers,  Inc.,  newly  or¬ 
ganized  engineering  and  consulting 
firm  in  Philadelphia.  He  was  for¬ 
merly  with  RCA  in  Camden,  where 
he  supervised  the  microwave  beacon 
group. 

Charles  J.  Alba  is  radio  research 
engineer  at  Air  Associates,  Inc., 
Los  Angeles.  He  was  formerly  with 
Air  Track  Mfg.  Co.,  College  Park, 
Md.  in  the  same  capacity. 

Neal  Turner  is  now  quality  control 
chief  at  Hallicrafters  Co.,  Chicago. 
John  J.  Livingood  has  left  the  fac¬ 
ulty  of  Harvard  University  to  be¬ 
come  assistant  director  of  research 
at  Collins  Radio  Co.,  Cedar  Rapids, 
Iowa.  He  directed  developmental 
work  on  high  power  at  ultrahigh  fre¬ 
quencies  at  Harvard  RRL  and 
worked  on  cyclotron  design  and  op¬ 
eration. 


J.  J.  LiTinqood 


•  PLASTIC  FABRICATING  • 

PUNCHED  AND  FABRICATED  PARTS.  SPEED  AND  ACCURACY  IN 

TOOL  CONSTRUCTION  AND  PRODUCTION  REQUIREMENTS 

•  BAKELITE  SHEETS,  RODS.  TUBES  • 

Over  20  years  of  fabricating  experience 

ELECTRICAL  INSULATION  CO.,  INC. 

12  VESTRY  ST..  NEW  YORK  13.  N.  Y. 


Walter  R.  Jones  was  made  chief 
engineer  of  the  Radio  Tube  Division 
at  Sylvania  Electric  Products  Inc. 
He  has  been  with  Sylvania  17  years. 
Thomas  C.  Stephens  comes  to  the 
Research  Division  of  Collins  Radio 
Co.  from  the  University  of  Iowa 
where  he  was  an  instructor  in  radio 
and  electrical  engineering. 

Gwilym  A.  Price  becomes  president 
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borvcArv 


Because  of  what  others  are 
saying  about  the  new 


n  Line  5ioc0*Ninefeen-‘N7nei 


erred 

as  a  source  of  pre- 
clsion  -  made 
WASHERS  and 
STAMPINGS 

CUP  WASHERS  manufactured  to 

for  Binding  Screws  specifications 

WHITEHEAD  STAMPING  CO. 

1691  W.  Lafayette  Bkd.  Detroit  16,  Michigan 


MANUFACTURERS  SCREW  PRODUCTS 
270  W.  Hubbard  St.,  Chicago  10,  III. 
Please  send  me  a  copy  of  the  new 
STRONGHOLD  “Net  Price  Catalog.” 


Company . 


City,  Zone,  State . . 

□  Please  send  a  few  samples  of  your  products. 

□  Please  quote  prices  as  per  attached  request. 
□Chedt  here  if  you  would  also  hks  a  free  copy  of 


Price 
your 

guide  to  fasteners  and 
Bi  rnfm  prices.  An  up-to-date 

H  ■  M  I  I  encyclopedia  and  spe> 

I  I  M  Km  cification  chart  tor 

"  ■  "  •  every  purchasing  agent 

and  engineer. 

MANUFACTURERS  SCREW  PRODUCTS 

270  W.  Hubbard  St.,  Chicago  10,  III. 

It's  Faster  to  Phone  —  WHitehall  4680 
Standardize  on  STRONGHOLD 


COMPLETE 
QAS  PRODUCTION 
PLANTS  INSTALLED 
FOR  LOWEST  COST 
OPERATION  .  .  . 


FORMING  MIXTURES 
CARBON  DIOXIDE 
ACETYLENE 

HIGHEST  OUAUmS  •  AMT  QUANTITT 
DELIVERED  ANYWHERE 


NET  PRICE  CATALOG 

*'Very  interesting,  well  compiled,  and  the  net 
prices  appealed  to  us.” 

—  S.L.H.  Co,,  Salt  Lake  City,  Utah 
*'A  masterpiece  of  its  own." 

—  CS.  Co.,  St.  Lottis,  Mo. 
"Congratulations  because  you  certainly  have 
done  a  swell  job!  We  were  very  much  surprised 
to  find  that  your  line  was  as  complete  as  it  is.” 

—  L.A.B.  Co.,  Baltimore,  Md. 
"Truly  a  work  of  art.” 

—  J.E.  Co.,  Staunton,  Va. 
"The  best  we  ever  laid  eyes  on.” 

—  H.  Industries,  Chicago,  III, 
"It’s  a  humdinger.”  —  T.R.  Co.,  Chicago,  III. 
"A  very  valuable  asset  to  our  file,  and  you  may 
feel  confident  that  we  will  use  it  to  good  ad¬ 
vantage.” 

—  l.C,  Products  Corp„  South  Bend,  Ind. 
"Certainly  unique.  Congratulations  to  you  on 
stepping  away  from  the  customary  ways  of  doing 
things.”  —  W.F.  Mfg.  Co.,  Cincinnati,  Ohio 
"Wish  to  compliment  you  on  its  skilful  arrange¬ 
ment.”  —  J.B.G.  Mfg.  Co.,  St.  Louis,  Mo. 

"Something  we  have  been  looking  for  for  some 
rime.”  —  M.  Inc.,  Savaunah,  Ga. 


WE^RE  BLUSHING 
WITH  MODESTY 


first  Come , . . 
First  Served! 


TO 


Orders  for  transformers  ere  pouring  in 
to  fast  that  we  will  toon  be  booked  to 
capacity  for  several  months  to  come. 
If  your  product  requires  heavy  duty 
^  filter  reactors,  twinging  reactors,  or  plate 
transformers,  anticipate  your  require¬ 
ments  end  place  your  order  NOW! 


DONGAN  ELECTRIC  MFG.  CO. 

2f77  FrankliR  Detroit  7,  Mich. 


ANTICIPATE  / 

YOUR  requirements; 
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Lightweight 

Champion 

A  compact,  lightweight  time 
delay  relay.  Setscrew  timing 
adjustable  from  a  fraction  of 
a  second  to  several  minutes. 

For  alternating  current  or 
direct  current  operation.  Iti* 
formation  and  literature  on 
request.  No  obligation. 


AG  AS  TAT 

Electro  •Pneumatic  TIME  DELAY  RELAY 

ILIlAtirH  A  G  A  NIW  JiaSIT 
AMERICAN  OAS  ACCUMULATOR  COMPANY 


and  chief  executive  officer  of  West- 
inghouse  Electric  Corp.,  succeeding 
George  H.  Bucher  who  resigned  and 
is  now  vice  chairman  of  the  board  of 
directors. 


MASSIVE  winding  core 

“  2S%  Mon  Camctty 


AWARDS 


SosTHENES  Been,  president  of  In¬ 
ternational  Telephone  and  Telegraph 
Corp.,  was  awarded  the  Medal  for 
Merit;  highest  civilian  decoration  for 
wartime  service,  for  fostering  ex¬ 
tensive  research  and  development 
which  produced  radio  and  telephone 
equipment  used  to  great  advantage 
by  the  Army. 

Frank  M.  Folsom,  executive  vice- 
president  in  charge  of  the  RCA  Vic¬ 
tor  Division,  Camden,  was  awarded 
the  Medal  for  Merit  in  recognition 
of  outstanding  services  as  Chief  of 
the  Procurement  Branch  of  the 
Navy’s  office  of  Procurement  and  Ma- 
teriid. 

Abthob  F.  Van  Dyck,  assistant  to 
Dr.  C.  B.  Jolliffe  atltCA,  received  the 
Legion  of  Merit  award  for  his  con¬ 
tributions  to  the  development  and 


©HARDWICK,  HINDLE,  INC. 

RHEOSTATS  ond  RESISTORS 
S«btldiary  of  THi  NATIONAl  lOCK  WASHER  COMRANV 
NEWARK  S,  N.  J.  woMmw  •••»  g.  j. 


Roar  Admiral  Monro*  Xoily  proMotinq 
L*gloa  of  M*rit  modal  and  dtotlon  to 
A.  F.  Van  Dyck 


establishment  of  loran  systems  in 
the  U.  S.  Navy.  Commander  Van 
Dyck  was  Officer-in-Charge  of  Navi¬ 
gational  Aids  in  the  Office  of  the 
Chief  of  Naval  Operations. 

John  F.  Rider  was  presented  with 
the  Legion  of  Merit  medal  for  “ex¬ 
ceptional  administrative  service  to 
the  Signal  Corps  Publication 
Agency,”  from  which  he  retired  in 
1945  as  Lieutenant  Colonel 


Another  exclusive  HardwidL-Hindle 
advantage  is  this  great  ceramic  core 
of  unusually  large  crose  section  for 
the  wattage  rating— more  wire,  more 
surface  and,  less  temperature  rise. 

And  between  this  ceramic  winding 
core  and  the  rugged  die  cast  base 
there  is  ample  space  for  full  ventila¬ 
tion  to  insure  low  operating  temper¬ 
ature  for  the  mounting  panel 

This  is  only  one  of  several  exclu¬ 
sive  features.  Let  us  teU  you  of  other 
Hardwick-Hindle  advantages  in  this 
and  in  other  rheostats,  as  well  as  in 
our  resistors. 

Our  engineering  service  is  always 
available  for  specific  problems.  Write 
us  today. 
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•  SOFT  SOLDER  RINGS 

and  preforms 

•  SILVER  SOLDER  RINGS 

•  COPPER  BRAZING  ^ 
RINGS 


rTABLE 


for  Your  Jo 


lOTTOM  OUTLET 


This  VULCAN 

HEATING  ELEMENT 

has  proved  efficient  and  economical  in 

COFFEE  URNS 
STEAM  TABLES 
STERILIZERS 
WATER  HEATERS 
AND  SIMILAR  ARTICLES 


//  yoa  have  a  problem  Involving 
Electrical  Heating  Units,  write  us, 

VULCAN  ELECTRIC  COMPANY 

DANVERS  10,  MASS. 

M«k«rt  «f  •  wM«  vmrhty  of  HaaNaa  llinah  lor  ■■norfilr  loto  mmm* 
footorora*  owa  prodacfa  mmd  of  Homof  Spooiolfloo  MmI  om  olootrioHy. 


Your  roqolromoafs  for  o  gonoral«purposo  ro> 
colvor  la  tho  vji.f.  spoctrum  oro  mat  by  Ibis, 
tbo  aiosl  advancad  davalopmant  In  Hs  fiald. 
CoatlnaoM  fraquanqr  covtraga  Is  providad 
from  27J  to  143  me.  In  thraa  bands  with  eoa- 
vanlaat  controls  for  salacting  bands  and  for 
twitching  to  FM,  AM,  or  CW  racaptlon.  Tha 
Inratt  audio  systam  Is  substantially  flat  from 
40  to  IS, 000  cyclas.  With  harmatically  saalad 
transformars  and  raactors,  olMmpragnatad 
papor  capacitors,  and  molstura  proofed  wlr» 
lag,  this  raealvar  Is  sultad  to  moblla  or  find* 
tt^on  sarvica  undar  all  climatic  condlttoas. 
Fumtshad  complata  with  IS  tubas,  spaakar, 
and  bullt4a  power  supply  for  IIS/230  volt 
a<  oparattoa.  Nat  price  Is  S322.00  FOB 
Boston. 

Order  tadoy  freai 
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TURULAR 


FREE— 108-Paaa 
.  Catalat  of 
Elootroalo  Eaalp- 
■Mt  and  Coapononts 


Lmj 


jrvBS* 


oston 


Large  range  of  wire 
sizes  carried  in  stock 
for  immediate  fabri¬ 
cation  into  Rings  and 
Praforms. 


. . .  BUILT  IN  FIVE  SIZES, 
ranging  from  3  K.  W.  to  15  K.  W., 
those  portable  electric  power  plants 
are  manufactured  to  give  dependable 
service  under  the  most  rugged  con¬ 
ditions.  Write  today  for  specifications.^ 


1  Modols  Raago 

fraai  I 

1  3000  to  15000  Watts, 

A.C.  120  to 

440 

VoHs,  SO  and 

40 

Cyaloe,  Singlo 
Throa  Pbas«. 

ar 

ELECTRONIC  SPECIALTIES 

MANUFACTURING  COMPANY 

127  North  Main  Stzoat,  Elkhart,  Indiana 


DEALERS  Somoprefitablofron* 

WANTED! 

Wnto  or  wiro 


Pioneer  Electric  Co.  ”2?  A2y.u!?23'’.*cSi 


e  Boulevard 
California 


in  Iha  VHF  SmCTRUM 


nnOTHER  NEW 


MODEL  E 

INSTRUMENT 


SELENIUM  CORPORATION 
of  AMERICA 


1719  WEST  PICO  BOULEVARD 
LOS  ANGELES  15,  CALIFORNIA 


NEW  BOOKS 


Fundamental  Theory 
of  Servomechanisms 

By  LbRoy  a.  MacColl,  Bell  Telephone 
Laboratories,  Inc.  D.  Van  Nostrand  Co., 
Inc.,  New  York,  N.  Y.,  1945,  130  pages, 
$2.25. 

General  theory  of  linear,  contin¬ 
uously  operating  servomechanisms 
is  studied  by  the  technique  of  feed¬ 
back  amplifier  design.  That  is,  the 
characteristics  of  servomechanisms 
are  analysed  by  studying  their  fre¬ 
quency  and  phase  characteristics  in 
the  complex  frequency  plane.  Sta¬ 
bility  is  treated  in  the  manner  of 
Nyquist’s  criterion  for  feedback 
amplifiers.  As  a  consequence  of  this 
treatment,  the  approach  is  more  in¬ 
telligible  to  communication  engineers 
than  that  of  the  purely  mathematical 
analysis  of  the  differentiating  and 
integrating  action  of  the  servo¬ 
mechanism  so  frequently  used  in 
studying  its  transient  behavior. 

The  material,  originally  circulated 
within  the  limits  of  wartime  secrecy, 
covers  simple  systems  in  their  steady 
state,  transient  behavior  of  servo¬ 
mechanisms,  stability,  and  accuracy. 
Based  on  the  equations  for  servo 
characteristics,  means  of  stabilizing 
and  controlling  accuracy  are  dis¬ 
cussed.  The  work  concludes  with 
treatments  of  oscillating  control, 
sampling,  and  on-off  servomechan¬ 
isms.  A  chapter  is  devoted  to  a  com¬ 
parison  of  the  transient  analysis  and 
the  steady-state  approach  to  servo 
operation  in  which  the  merits  of  the 
steady-state  method  used  in  this  text 
1  are  demonstrated. — F.R. 


rectifier 

applications. 


TEC  Tim* 
,  Delay  Relay  allows 
an  adjustable  or  fixed 
time  delay  between 
operatian  of  a  control  circuit  and  subse¬ 
quent  opening  or  closing  of  a  load  circuit. 


Tuncrion  is  lo  reduce  manual  supervision 
and  improve  quality  of  the  product  by  auto¬ 
matically  controlling  industrial  processes  or 
electrically  operated  machinery.  It  is  used 
extensively  in  such  operations  as  plastic 
molding,  heat  treating,  induction  heating, 
mixing,  and  purging  gas  fired  ovens. 


Ip  RFC  thp— 111  $  CfHi-*  ' 

t^lwm  vr*  •vailobi*  Ib'^ 

II^Miiy  diff«r«nt  ratings  and  stgas^ 
0«<li  ta  parform 

^ '  axocf  and  vital  function.  Solonium w 
RactlPart  ora  small  In  siza«liftif  | 
I  walgiit,  officiant,  oconomical  and  j 
pdapfabln  to  all  moclianicol  ar«  / 

Roctiflors 
niov^i  ftorts  ond  roqulro 
I  lip  molntofioiip#.  Tiioy  orO  simplo.^^ 


This  type  of  Relay  is  available  with  either 
Automatic  or  Controlled  Reset.  Type  TEC 
automatically  starts  the  cycle  over  again 
after  power  interruption.  Type  TEC-R  re¬ 
sumes  the  cycle  at  the  pointof  interruption. 


Embodying  the  sturdy  construction  of  the 
improved  Model  E  design  type  TEC  Time 
Delay  Relay  has  many  specific  "use"  ad¬ 
vantages: 


«*  viv9gOil  ofi^  prevldo  instoWt^^> 
oeOs  daMil^i^aiiai^^ 

$  C . 

SolanH|m%4>lMil  iio  'WNi  .  I*® 


•  Large  dial  for  accurate  settings. 

•  Micrometer  adjusting  knob. 

•  Progress  indicator  showing  unexpired 
time  cycle. 

•  Simple  screw  mounting. 

•  Clearly  marked  electrical  connections. 


Electronics  For  Engineers 

By  John  Markus  and  Vin  Zeluff,  As¬ 
sociate  Editors,  Electronics.  McGraw- 
Hill  Book  Company,  New  York  18,  1945, 
390  pages,  $6.00. 

This  is  a  collection  of  articles 
culled  from  the  pages  of  Elec¬ 
tronics  and  written  by  many  differ¬ 
ent  engineering  authors.  According 
to  the  preface  the  editors  of  the  book 
“.  .  .  have  gone  through  the  com¬ 
plete  files  of  the  magazine  from  the 
first  issue  (April,  1930)  and  from 
this  wealth  of  technical  data  have 
selected  142  articles,  reference 
sheets,  charts  and  graphs  that  have 
been  in  greatest  demand  for  their 
reference  value.  All  of  this  material 


If  you  use'T/A4E  at  a  factor  of  CONTROL" 
in  any  type  of  equipment  or  process,  it  will 
pay  you  to  CONSULT  CRAMER. 


THE  R.  W.  CRAMER  COMPANT,  In 
Box  No.  3 
Centerbrook,  Conn. 


SPECIALISTS  IN  TIM 

AS  A  FACTOR  OF _ 


CONTROL 


PILAY  •  CYCU  •  tMWUt ’dtaiffNTAOt 
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IMMEDIATE  DELIVERY! 

WRL 

•  S?turdy  Steel  Case 

r'T]^  0|  •  30-60  Degree  Angle 

■1'^  ^  ****  ^ 
m%  ly^W/Ck^W  CAT.  NO.  16-491 

yiS  $18.75 

test  leads  C  iin 

- -  CAT.  NO.  17-459 

Ranges:  DC  Volts— 0/5/50/250/500  V.  AC  Volts— 
0/10/100/500/1000V.  DC  MiUs— 0/10/100  Mills. 
Ohmmeter — Low  Range  0-500  Ohms.  High  Range — 
0-100.000— *1  Meg.  3”  Meter  with  sturdy  D’Aronsval 
movement.  Size  5^  x  8  x  3^4- 

Pkene  Amplifivr  Kits 

Complete  with  tubes,  speaker, 
stamp^  chassis,  resistors  and 
condensers.  Many  other  kits  also 
arailable.  Cat.  Na.  7-271.  »#|  w  e 
$9.50  a.  Lets  ef  3,  ca - 9T«  I  9 

On  our  toes  at  all 

WRL  LOW  •  PRICED  ‘‘'"'s  y»«  <he 

best  in  radio  and 
TRANSMITTER  KITS  electronic  devices  of 
15.  35.  70.  and  150  Immedfate 

tai.M  *w»<  delivery  to  all  parts 

wan  types  th*  «nr1H  rmm 


WRL  LOW  •  PRICED  ‘‘'"'s  t®  y®«  <he 

best  in  radio  and 
TRANSMITTER  KITS  electronic  devices  of 
15.  35.  70.  and  150  Immedfate 

tai.M  *w»<  delivery  to  all  parts 

watt  types 

the  heart  of  America. 
WE  INVITE  INQUIRIES  FROM 
AGENTS.  IMPORTERS.  BROKERS  | 

CD  EE  I  52  Page  Packed  with  savings  in  radio, 
Catalan  electronic,  and  general  merchan¬ 
dise.  Send  for  your  copy  today. 

Handy  Tube  Base  Calculator  25c 
Giant  Radio  Reference  Map  1^ 
Address  Dept.  E‘4  Council  Bluffs.  Iowa 


lABORATORIlS  ^  INCORPORATIO 


Formerly  Wholesale  Radio  Laboratories 


Solves  the  Problem  of 
Mailing  List  Maintenance 

Probabiy  no  othor  organization  Is  as 
wail  oouippod  as  McGraw-Hill  to 
solvo  tno  complicatod  problom  of 
list  maintonanco  during  this  porlod 
of  unparallolod  chango  in  industrial 
porsonnol. 

McGraw-Hill  Mailing  Lists  covor 
most  major  industries,  ihoy  art  com- 
piiod  from  oxclusiva  sources,  and  are 
based  on  hundreds  of  thousands  of 
mall  questionnaires  and  the  reports 
of  a  nation-wide  field  staff.  All  names 
are  guaranteed  accurate  within  2%. 

When  planning  your  direct  mail 
advertising  and  sales  promotion,  con¬ 
sider  this  unique  and  economical  serv¬ 
ice  in  relation  to  your  product.  Details 
on  request. 


MOLDED 

TERMINAL 
STRIPS 


COMPLETELY 

ASSEMBLED 


WITH  HARDWARE 

Available  in  lengths  from  I  to  20  terminals. 
Terminal  Sixes:  6  •32;  8-32;  10-32 


THERE  S  A  DRAKE 

SOLDERING  IRON 


From  that  mighty  mite 


•  “  '■  1 4 


DIRECT  MAIL  DIVISION 

330  West  42nel  St.,  Now  York,  18,  N.  Y. 


the  Drake  No.  600-10  there  is  a 
high  quality  Drake  Soldering  Iron 
“just  right”  for  the  job. 

Drake  Heat  Controls  and  the 
Drake  “Magic  Cup”  Stand  are 
important  soldering  aids. 


YOUR  RADIO 
PARTS  JOBBER 


DRAKE  ELECTRIC  WORKS,  INC. 

3656  LINCOLN  AVE.  CHICAGO,  ILL. 


its  MW— amazingly  effsctiva  Md  aurprislngiy  In- 
txpensive.  Vibrashock*  triple-action  unit  mounts 
really  absorb  vibration  and  cushion  shock.  Com¬ 
pare  Vibrashock  with  any  othar  unit  type  mount— 
and  aaa  the  markad  improvamant  In  parformanct. 
Wo  bNtova  Vibrashock  wM  solvo  your  vibratton 
problama.  •wwo.  -»k 

ROBINSON  AVIATION,  INC. 

Teterboro  Air  Terminal,  Dept.  E.  1. 
Teterboro,  New  Jereey 

5737  WILSHUI  BLVD.,  LOS  ANGIUS  3  CALIFORNIA 
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Specially  Designed  To  Meet  Your  Needs 


MIDGCT 

TYPE 

600 


Midgst'* 

oily  d»> 
tignad  for  crowd* 
•d  opporotw  or 
portoblo  oquip* 


Manufacturers  of  Precision  Electrical  Resistance  Instruments 

337  CENTRAL  AVE.  .  JERSEY  CITY  7.  N.J. 


•  Solid  tHvor  cootodt  and  stotnloM  tllvor 
oDoy  wipor  arm*. 

•  Rofor  hub  pinnod  to  shaft  provonto  un- 
outhorisod  tomporing  and  koopt  wipor 
ormt  in  porfoct  odivttniont. 

•  Can  bo  fumishod  in  cmy  practical 
impodanco  and  db.  lou  por  stop  upon 
roquott. 

•  TECH  LASS  con  fumich  g  unit  for  ovory 
purpoto. 

•  WrHo  for  bulloHn  No.  431. 


STANDARD 

TYPE 

700 


has  been  earefuUy  checked,  edited 
and  condensed  where  desirable  to  put 
it  into  the  best  possible  form  for 
presentation  in  a  book.** 

A  need  for  such  a  book  is  almost 
lelf-evident,  for  it  is  the  sad  but 
universal  experience  of  subscribers 
to  monthly  technical  magazines  that 
the  material  of  the  new  and  oncom¬ 
ing  issues  tends  to  bury  the  previ¬ 
ously  published  material.  The  reader 
and  user;  if  he  makes  any  attempt, 
carries  on  a  losing  struggle  to  retain 
ready  access  to  the  articles  which  he 
has  specially  marked  for  future  ref¬ 
erence. 

The  editors  have  performed  a 
valuable  service  by  bringing  together 
this  collection.  Theirs  is  the  re¬ 
sponsibility  for  the  selections  and 
omissions  of  material.  In  the  opin¬ 
ion  of  the  reviewer  it  is  a  job  well 
done  and  does  credit  to  their  judg¬ 
ment 

The  individual  papers  are  grouped 
into  27  chapters  within  a  self-ex¬ 
planatory  alphabetical  index.  The 
typography,  arrangement  and  dis¬ 
play  are  excellent.  The  material  is 
much  too  rich  and  varied  to  make  it 
possible  to  indicate  more  than  its 
general  scope  as  given  by  the  chapter 
headings,  as  follows:  A-F  Imped¬ 
ance-Matching  Networks,  Antennas, 
Audio  Amplifiers,  Audio-Circuit  De¬ 
sign,  Capacitors,  Cathode-Ray  Tubes, 
Coaxial  Lines,  Electronic  Heating, 
Filters,  Industrial  Control,  Iron- 
Core  Transformers  and  Chokes, 
Mathematics,  Networks,  Oscillators, 
Permanent  Magnets,  Pulses,  Recti¬ 
fiers,  Relays,  R-F  Coils  and  Trans¬ 
formers,  R-F  Impedance-Matching 
Networks,  R-F  Power  Amplifiers, 
Sound,  Television,  Frequency  Modu¬ 
lation  and  Facsimile,  Transmission 
Lines,  Tubes,  Tuned  Circuits,  and 
Wide-Band  Amplifiers. 

Here  is  a  volume  of  practical,  use¬ 
ful  material,  the  very  stuff  out  of 
which  the  practice  of  electronic  en¬ 
gineering  is  made.  Engineers,  de¬ 
signers,  teachers,  and  builders  of 
electronic  and  communication  equip¬ 
ment  will  find  in  it  suggestions  and 
helps  which  fellow  engineers  have 
through  the  years  devised,  con¬ 
structed  and  passed  on  out  of  their 
own  daily  practice  and  experience. — 
HENRY  E.  HABTIO 

2,000  HEAVY  BOMBERS  with  900  fighter 
escorts  carried  a  total  of  27,000  sets 
of  signal  equipment. 
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Dimensions 

Diamettr. . -2%*^ 

Housing  Length . •2’%*’ 

Weight,  bar* . „.21  ox. 

Announcing 

NEW 

Synchronous  and  Induction  Capacitor 
Type  Motors  and  Gearmotors 

New  precision  Ostermotors  designed  otter 

for  timing  devices,  clock  and  control  No.  ^ 

mechanisms.  Highest  quality  construe*  — - - - - 

tion  assures  unvarying  perform^.  icYS  G.ormotor  s 

Your  choice  of  bronze  or  ball  bear* - 

ings  in  motor.  Annealed  laminations  _  Motor 

. .  .  precision  gears  .  ,  .  compact  die  Goormo  or 

cast  housings  .  .  .  practical  mounting 
arrangements.  trical  characi 

These  new  Ostermotors  are  built  to  your  duction.  Wri 

order;  can  be  furnished  with  special  shaifts,  /olftt  Oster 

gear  ratios,  or  other  mechanical  and  elec*  Street,  Rach 


Otter 

No. 

Type 

Motor 

Power 

Service 

Max.  H.P. 
Output 

Shaft 

R.P.M. 

ICY 

LCYR 

Motor 

Goormotor 

Cop. 

Synch. 

115  V 
60  C 

.0005 

1800-3600 

30-60 

LC 

LCR 

Motor 

Goormotor 

Cap. 

Ind. 

115  V 
60  C 

.001 

1675-3350 

28-57 

trical  characteristics.  They  are  now  in  pro¬ 
duction.  Write  for  further  information. . . . 
John  Oster  Manufacturing  Co.,  4  Main 
Street,  Racine,  Wisconsin. 


Other  Special 
Ostermotors 

Oster  is  now  in  pro¬ 
duction  or  going  into 
production  on  motors 
listed  her*.  If  you 
need  quality  motors 
in  these  types  or  sizes, 
writ*  us  today. 


■ 

H.  P.  Rang# 
at  rated  load 

R.  P.  M. 

Type 

DIa. 

Length 

1/50—1/30 

1725 

induction 
Split  Phase 

3%" 

dya^toS’/e" 

1/50—1/30 

1725 

Induction 

Capacitor 

3%" 

4y2''to5y4* 

E.  U. 

1/25  —  1/10 

5-1 OM 

Series 

3%" 

41/2"  to  578" 

Qgj 

1/20—1/10 

1725 

Induction 
Split  Phase 

4%" 

syi"  to  sys" 

1/20—1/10 

1725 

Capacitor 
Start  &  Run 

4%" 

51/2"  to  eye" 

Would  a  vibration  meter 
locate  trouble  In  your 
V  WASHER? 

Eiectricel  equipment  requires  super-precision 
rigidity  — dependability.  Make  sura  with 

QUADRIGA  Quedity  Washers 

Wa^ere  to  specifications,  of  any  type,  purpose  or  material;  which  can  be 
fabri^ted  by  punch  pr*M,  Hat,  Spacfal  Dimensions,  irregular  Contour,  Tension 
and  Spring,  Formed  and  Drawn,  Cupped  and  Hnishing  etc.  Wire  terminals 
Send  for  complete  catalog. 

Also_SMAU  MITAL  STAMPINCS.  gay  desiga _ Awoip#  daffvary 


THE  QUADRIGA  MANUFACTURING  CO. 

Inc  1894  H.ilf  .»  Century'  22I  AW  Gr .ind  A v p  .  C hic .^^;o  1  O.  Ill 


THE  AMERICAN  PLATINUM  WORKS 

PRECIOUS  METALS  SINCE  1875 


N  J  R  R  AVE  AT  OLIVER  ST 
NEWARK  5  N  J 


The  COMPLETE  STORY 
of  ELEGRONICS 
written  so  you  can 

UNDERSTAND  it 


An  accurate,  clearly- 
worded,  non-technlcal  ac¬ 
count  of  the  aeeminK  mir¬ 
acles  that  have  been  ac¬ 
complished  by  the  modern 
science  of  electronics.  By 
electronic  means,  television, 
radar,  fluorescent  lishting, 
talking  pictures,  radio, 
atom  -  smashing,  plastic 
molding,  sound  recording, 
radiography,  and  other 
marvels  of  twentieth-cen¬ 
tury  science  are  accom¬ 
plished.  This  readable  and 
authoritative  survey  by  a 
member  of  the  staff  of  the 
General  Blectric  Research 
Laboratory  Is  designed  to 
acquaint  the  interested  lay¬ 
man  with  the  fundamental 
principles,  special  charac¬ 
teristics,  and  practical  ap¬ 
plications  of  electronics  in 
science,  industry  and  public 
health. 


Jusf  Published 

ELECTRONS 
IN  ACTION 


By  JAMES  STOKLEY 

320  pages,  SVixB,  91  lllastrafloas,  $3.00 

In  addition  to  excellent  explanations  ef  such 
developments  as  frequency  modulation,  net¬ 
work  television,  and  the  electron  microscope, 
the  book  presents  a  clear-cut  summary  of  the 
sensational  advances  in  the  fleld  of  atomic 
energy,  including  a  survey  of  pioneer  work  in 
this  fleld  and  a  factual  account  of  the  atomic 
bomb,  based  on  the  authentic  Smyth  report. 
The  significance  of  radar  and  loran  for  peace¬ 
time  applications  is  also  thoroughly  discussed, 
and  a  full  chapter  is  devoted  to  some  of  the 
newest  knowledge  about  the  effect  of  the  sun 
and  the  moon  on  radio  on  the  earth. 

Savaataaa  foseiaatiag  choptars  giva  yoa 
OB  aaty-to-aBdantoBd  pictara  ef  the 
whole  field  of  alaetroBics: 


1.  Modem  MIraclec 

2.  Th«y*rs  Called  Electrons 

3.  Electrons  Made  Free 

4.  Piittlni  Then  to  Work 

5.  Talkini  Around  the 
World 

6.  Seoini  Beyond  the 
Horizon 

7.  Coemio  Eloetroniee 

8.  Lifht  fron  Electrons 


9.  Sounds  for  the  Future 

10.  Elootrone  in  Ovorsllt 

11.  Meseursmont 

12.  Lookini  Throuih  Matter 

13.  Smaller  and  Smaller 

14.  Electrons  In  Medicine 

15.  Faster  and  Faster 

16.  Where  it  Leads 

17.  Atomic  Enorty 
Appendix:  Radar 


'What  are  electrons  and  where  do  they  come 
from?  How  does  television  work?  What  Is 
the  secret  of  radar,  of  loran,  of  BTO?  What  is 
a  diode?  an  ignitron?  a  klystron?  a  precipl- 
tron?  How  are  pictures  and  facsimile  news¬ 
papers  transmitted  over  wires  or  through  the 
ether?  How  is  sound  recorded  on  motion-pic¬ 
ture  film  and  on  phonograph  records?  What 
is  the  outlook  for  postwar  developmenta  in 
electronics? 

— Thess  snd  a  preat  number  of  related  questions  are 
dlscusted  and  answered  on  the  basis  ef  current  knowledge, 
for  tho  bonofit  of  the  layman  interoeted  in  oloetroniet— as 
woll  as  for  tho  specialist  in  allied  fleldt  of  onglnoorlng. 
Industry,  snd  rasssreh. 

Send  this  MeGRAW-HILL  eoapoaf 


MeGraw-Hill  Book  Co..  330  W.  42  8t.  New  York  City  IS 
Send  me  Stokley’o  ELECTRONS  IN  ACTION  for  10  days' 
sxsminstioii  on  spprovaL  In  10  days  I  srlU  send  $3.00, 
plus  few  cenu  postsg^  or  return  book  postpaid.  (PosUgo 
paid  on  cash  orders.) 


City  snd  State 


Company  . . 

Position . .  4.4g 

Vor  Cansdlsn  Prices  Write  y  Book  Co.. 

IS  Richmond  SC  E..  Toronto.  1 
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LOGARITHMIC  AC  VOLTMETER 

WIDE  BAND  AMPLIFIER 


RANGE: 

.0005  to  500  Tolts 
—65  VU  to  +57  VU 
Direct  Reading 
without  external 
Multipliers 

FREQUENCY  RESP. 

4  C/8  to  2  MC/8 
±i% 


INPUT  IMPEDANCE 

2  MEGOHMS 
15  mmfds. 

STABIUTY 

±1% 

lO.’I  to  125  volts 


INSTRUMENT  ELECTRONICS 

LITTLE  NECK,  L.  I.,  N.  Y. 

2S3.21  NORTHERN  ROULEVARD  EAYSIDE  9-S22$ 


FOR  TELEVISION, 
ELECTRONIC,  OPTICAL, 
and  SQENTIFIC  APPARATUS 

Front  or  Roar  Surfoco  AAlrror*  and  Ro- 
Roclor*  made  to  your  spocHkationt. 

CloMSt  optical  and  dimontional  tolor- 

ancoi  olMorvod. 

•  EXaraONAL  REnECnVITY 

•  will  NOT  TAINISH 

•  OPAOW  Ot  SBN-TUMSPAIDIT 

•  meat  lESISTANT 

•  PtOMPT  SERVICE 

Wo  invito  yoor  Inquirloi.  Samplot  and 
quototiora  will  bo  submittod  promptly. 
Mirror  and  RoAocPor  probhms! 


123  WEST  64th  STREET 
NEW  YORK  23,  N.  Y. 


SPECIAUSTS  IN 
,CUU/N  DEPOSITION 


Backtalk 


This  department  is  oper¬ 
ated  as  an  open  forum 
where  our  readers  may 
discuss  problems  of  the 
electronics  industry  or 
comment  upon  articles 
which  ELECTRONICS 
has  published. 


Spoof 

For  A  NUMBER  of  years  now  work  has 
been  proceeding  in  order  to  bring 
perfection  to  the  crudely  conceived 
idea  of  a  machine  that  would  not 
only  supply  inverse  reactive  current 
for  use  in  unilateral  phase  detrac¬ 
tors,  but  would  also  be  capable  of 
automatically  synchronizing  cardinal 
grammeters.  Such  a  machine  is  the 
“Turbo-Encabulator.”  Basically,  the 
only  new  principle  involved  is  that  in¬ 
stead  of  power  being  generated  by 
the  relative  motion  of  conductors 
and  fluxes,  it  is  produced  by  the 
modial  interaction  of  magneto-reluct¬ 
ance  and  capacitive  directance. 

The  original  machine  had  a  base¬ 
plate  of  prefabulated  amulite,  sur¬ 
mounted  by  a  malleable  logarithmic 
casing  in  such  a  way  that  the  two 
spurving  bearings  were  in  a  direct 
line  with  the  pentametric  fan.  The 
latter  consisted  simply  of  six  hydro- 
coptic  marzelvanes,  so  fitted  to  the 
ambifacient  lunar  waneshaft  that 
side  fumbling  was  effectively  pre¬ 
vented.  The  main  winding  was  of  the 
normal  lotus-o-delta  type  placed  in 
panendermic  semi-boloid  slots  in  the 
stator,  every  seventh  conductor  being 
connected  by  a  non-reversible  tremie 
pipe  to  the  differential  girdlespring 
on  the  “up”  end  of  the  grammeters. 

Forty-one  manestically  spaced 
grouting  brushes  were  arranged  to 
feed  into  the  rotor  slip-stream  a  mix¬ 
ture  of  high  S-value  phenylhydroben- 
zamine  and  five  per  cent  reminative 
tetryliodohexamine.  Both  of  these 
liquids  have  specific  pericosities  given 
by  P  =  where  n  is  the  dia- 

thetical  evolute  of  retrograde  tem¬ 
perature  phase  disposition  and  C  is 
Cholmondeley's  annular  grillage  co¬ 
efficient.  Initially,  n  was  measured 
with  the  aid  of  a  metapolar  refractive 
pilfrometer  (for  a  description  of  this 
ingenious  instrument,  see  L.  E.  Rum- 
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Electron  Tube  Machinery 

tf  Mfry  tyf*.  itaNiare,  and  tMelal  duitn 

Spaciolists  ia  Equipment  for  tho  monufac- 
turo  of  Badio  Tub**.  Cothodo  Roy  Tubes, 
nuoreseeat  Lomps,  Incandescent  Lamps, 
Neon  Tubes,  Photo  dwells.  X-ray  Tubes 
and  other  glass  or  electronic  products,  on 
production  or  laboratory  basis. 


EtiLinEERinL  Eompnnv 


1307*130f  Seveath  Sf.,  North  lorges,  N.  J. 


MICROMETER  ^ 

niQUlNCY  ^ - 

IliTRB  frea  1.5  te  5*  ae.. 

mu  IBM  witlile  0.01  per  cent 

LAMPKIN  LABORATORIES 


IrBdeetes,  Pla.t  U.  B.  A. 


Bnrnod  or  Brokon 
^  Eloctrle  Hooting  Ele* 

(IWinmriBntrr^  moots  Ropolmd  in- 

_  stontly  .  . 

iirnnrHHinnTyn  simpir  overup 

A  ends,  apply 

u  .  ,  „  Niohroclte  V  tir 

HMdy  tar  Hoaa  or  pute  and  turn 

Indsitrial  Use  on  the  current 

—  a  perfect  ^ 

weld  results.  Used  by  big  ttUllty  comiianles  and 
repair  shops.  Just  the  thing  for  that  broken  or 
burned  out  beating  element  In  your  electric  iron, 
store,  toaster  or  heater.  Does  the  Job  in  a  Jiffy. 
Trial  order.  $1;  4  oss.  $150;  1  lb.  18.00. 

Arastreng  Electric  Ce.,  Bex  861-EM.  Minneapelii 


Strip  Insulated  Wires 

OUICKBR...  BBTTKR 


with 

AUTOMATIC  WIRI  STRIPPER 
•  ••fpoods  Production 

Strips  Insulation  from  ell  types  of 
wire  —  instantly,  easily,  perfectly. 

Just  press  the  handles  end  the  job 
is  done.  Cuts  wire  too.  Strips  800 
to  1000  wires  per  hour.  Available 
for  ell  sixe  solid  or  stranded  wires 
—No.  8  to  No.  30.  Ust  Price  $8.00. 
Wfrife  Dept.  E  for  Faff  Portlcafors 


GENERAL  CEMENT  mfg.  co. 

Rockford,  Illinois,  U.S.A. 


PINE  RIBBONS 

bp 

TUNOSTiN  and  MOLYBDBNUM 

Quality  and  accuracy  in  our  fabtico- 
lion  oi  Tungsten  4  Molybdenum  Rib¬ 
bons  hcFTs  eharaetsrised  our  sorrico 
'o  tbs  Electronic  industry. 

A  dsvsfopsMsf  s# 

H.  CROSS  Go. 

18  BealuBMSt.  NeMrYar1i7,N.V. 


n 


We  manufacture  a  complete  line  of  equipment 


SPOT  WEIJ>EB8,  electric  from  ^4  to  50  KVA  XC  ABC 

TIIAN8F0RMEB8.  epedal  and  etandard  typea  W£IJ>ERS 

INCAXDESCKNT  LAMP  manufacturing  equipment  .  ^ 

FLUORESCENT  TUBE  MAKING  EQUIPMENT  “ 

ELECTBONIC  EQUIPMENT,  vacuum  pumps,  etc.  Amps 

WET  GLASS  SLICING  and  cutting  machinca  for  laboratory  use 
GENERAL  GLASS  working  machinee  and  bumera 
COLLEGE  GLASS  working  uniu  for  studenU  and  laboratory 

EI8LER  ENGINEERIN8  CO.  ..... 

731  So.  13th  St.  (near  Avon  Ave). _ Newark.  New  Jersey 


MORE  RF  KILOWATT  HOURS 
PER  DOLLAR  WITH 

F  &  O 

TRANSMITTING  TUBES 

Inquiries  Invited — Let  us  explain  how 
Savings  are  effected  and  the  F  A  O 
greater  guarantee. 

FREELAND  &  OLSCHNER  PRODUCTS  Inc. 

611  faroene  St.,  New  Orleans  13.  La. 
Raymosd  47S6 

High  Power  Tube  Specialists  Exclusively 
(5  KW  to  100  KW) 


Your  Inquiry 
Will  Have  Special  Value 

if  you  mention  that  it  is  in 
response  to  advertising  in 
this  publication.  Advertisers 
value  such  acknowledgments 
highly ;  so  does  the  publisher. 
You  benefit — as  a  reader — in 
the  enlarged  future  service 
such  acknowledgments  help 
to  make  possible. 


HETERODYNE 

ELIMINATORS 

If  yon  art  trouMoi  by 
hgtsrodyns  intorfsronco 
consult 

J.  L.  A.  McLaagblla 

F.  O.  Eox  52T.  Lb  Jolla,  CalH. 


18  YEARS  IN  RADIO 


GET  THIS 
TtiAtA  CATALOG 
By  This  Old  Hrm 

lotust  dovolopmonts  in 
radio  and  uloctronic 
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pelverstein  in  **Zeit8chrift  ftir  Elek* 
trotechnistatischs-Donnerblitze**  vol. 
vii),  but  up  to  the  present  date  noth¬ 
ing  has  been  found  to  equal  the  tran¬ 
scendental  hopper  dadoscope.  (See 
“Proceedings  of  the  Peruvian  Acad¬ 
emy  of  Skatological  Sciences’*  June, 
1914.) 

Electrical  engineers  will  appreciate 
the  difficulty  of  nubing  together  a 
regurgitative  purwell  and  a  suprami- 
tive  wennel-sprocket.  Indeed,  this 
proved  to  be  a  stumbling  block  to 
further  development  until,  in  1942, 
it  was  found  that  the  use  of  anhy¬ 
drous  nangling  pins  enabled  a  krypto- 
nastic  boiling  shim  to  the  tankered. 

The, early  attempts  to  construct  a 
sufficiently  robust  spiral  decommuta¬ 
tor  failed  largely  because  of  a  lack 
of  appreciation  of  the  large  quasi- 
piestic  stresses  in  the  gremlin  studs ; 
the  latter  were  specially  designed  to 
hold  the  roffit  bars  to  the  spamshaft. 
When,  however,  it  was  discovered 
that  wending  could  be  prevented  by 
a  simple  addition  to  the  living  sock¬ 
ets,  almost  perfect  running  was 
secured. 

The  operating  point  is  maintained 
as  near  as  possible  to  the  h.f.  rem 
peak  by  constantly  fromaging  the 
bitumogenous  spandrels.  This  is  a 
distinct  advance  on  the  standard 
nivel-sheave  in  that  no  dramcock  oil 
is  required  after  the  phase  detractors 
have  remissed. 

Undoubtedly,  the  turbo-encabula- 
tor  has  now  reached  a  very  high  level 
of  technical  development.  It  has  been 
successfully  used  for  operating  nofer 
trunnions.  In  addition,  whenever  a 
barescent  skor  motion  is  required,  it 
may  be  employed  in  conjunction  with 
a  drawn  reciprocating  dingle  arm  to 
reduce  sinusoidal  depleneration. 

Editok's  Noti.  The  aboTe  description  of  the 
tnrbo-encabnlator  is  taken  from  the  Industrial 
Bulletin  of  Arthur  D.  Little  Companj,  Cam¬ 
bridge,  Mass.  Unfortunately  no  j^otograpbs 
of  the  derice  are  arailable  at  the  moment.  It 
is  hoped  that  when  mUita»  restrictions  are 
loosened  a  bit  and  Arthur  D.  Little  engineers 
are  not  so  busy  more  data  wlU  be  published 
on  what  seems  to  be  a  most  Important  indus¬ 
trial  instrument.  Despite  the  lucid  description 
I  quoted  abore  more  information  is  definitely 
needed. 


John  Ambrose  Fleming,  discoverer 
of  the  diode,  wrote  more  than  90  im¬ 
portant  scientific  treatises  between 
1892  and  1934.  His  1,700  page  book 
on  electromagnetic  waves  is  consid¬ 
ered  one  of  the  classics  of  radio  liter¬ 
ature. 
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9  separate  parts 
1 6  soldered  connections 
14  mounting  fastenings 
5  sources  of  supply 

UNCERTAIN  RESULTS 


I  compact  unit 
4  simple  connections 
I  convenient  mounting 
I  responsible  supplier 

GUARANTEED  PERFORMANCE 


lo  noise  .  .  .  Dut  one  makes  needless  work 
g.  purchasing,  and  assembly  departments,  while  the  otbef  relieves 
them  of  the  entire  burden  of  interference  elimination.  Tobe 
FILTERIZING  makes  your  product  radio-silent  ... 
simply,  economically,  dependably.  And  the  ‘  FILTER- 
IZED”  label.  furnished  free  to  Filterette  users.  Kelps  build  I 1  . 
sales  by  telling  the  public  that  your  product  makes  no  radio  I  1-1  ^  J 

noise.  Ask  us  for  details  of  this  trouble-saving,  sales-  ■  I  I  I  ■ 

building  service:  we  ’ll  tell  you  all  about  it  at  no  obligation.  I  * 


TOBE  DEUTSCHMANN  CORPORATION  -  CANTON.  MASSACHUSETTS 


ORIGINATORS  OF  FILTERETTES 


THE  ACCEPTED  CURE  FOR  RADIO  NOISE 
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